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CHAPTER I 
CHAPI'ER I 
STATEMENT OF THE PROBLEM 
The purpose of this study was to determine by means 
o£ the interview technique the thought processes and pro-
cedures of college students as they solve arithmetic problems. 
One hundred students who were selected at random from 
the freshman class prior to enrollment in mathematics or 
arithmetic methods courses were included in the study. 
Directions were given that they read ea ch problem 
orally and solve it by whatever method seemed best to them, 
mentally if possible, and that they talk while working in 
order that the oral and written responses might be recorded. 
Analyses and comparisons were made of the responses 
and procedures which were given to see if any generalizations 
could be made from them or conclusions drawn between methods 
employed and success and failure in problem solutions. 
---=--=---===----- --==- -- -==-=!1'=· -======-=-
CHAPTER II 
CRAFTER II 
REVIElN OF THE LITERATURE AND RESEARCH IN PROBLEM SOLVING 
Introduction 
The purpose of problem solving is to provide sit-
uations in which certain processes a re required and which 
give practice in the recognition of these processes. 
Following this, it is expected that individuals will 
be able to solve the problems Which they experience in school 
activities and later life. 
It might be well to make the distinction between 
the terms 11 problems 11and "examples". Spitzer defines the 
former as "quantitative situations described in words in 
which a definite question is raised,but for which the 
arithmetical operation is not indicated." 1/ He does admit 
that this is a narrow and arbitrary definition but considers 
it a useful one. 
UlricbEiref ers to arithmetic as a science of solving 
problems or a . system. Qf thinking .. by .. which .nit i .s first 
,!/Herbert F. Spit.zer, The Teaching of Arithmetic, 
(Boston: Houghton. Mifflin eompany, 1948), p •. 209. ~ 
g/Louis E. Ulri ch, Streamlining Arithmetic, 
(New York: Lyons and Carnahan, 1943), p.4. · 
------=·=,-=========================================~~========= 
decided what quantity or quantities of a problem situation 
are requi r ed to be known,and second,how to find such a 
quantity or quantities by functional processes."~/ 
At a recent regional meeting, one authority describes 
the purpose.s of general .. education as these.: 
The development of personality, learnin g t .o work 
together ,and problem-solv.ing which .includes being 
confronted with a puz zl.i ng situation, sensing the 
mathematics in .. the. situation, establishing a hypo-
thesis, assembling the .data,drawing a tenta tive 
c onclusion,and ver ifyi ng t h is conclusion. This is 
the t ype of problem-solving that has significance and/ 
:f:'unctional va lue f a r beyond usual textbook problems}! 
Use of Oral Reporting. :· 
uArithmetic teachers must learn to understand how 
pupils think." §./ Thus does Buswell conclude an article in 
a recent publication. Stressing the importance of discovering 
what goes on in the thoughts of pupils as they try to learn 
\
1
aritbmetic,he proposes a half-dozen ways of studying the 
~hinking of pupils,all of which call for simple techniques 
and are adaptable to classroom situations since no elabor ate 
\I pparatus is avai lable. The second of these involves keeping 
: erbatim responses. of pup ils as they think a l oud the ari th-
!J./ Ibid., p .4. 
I 
I .11 Ben A. SUeltz, "Diacussions .on .. Arithmetic,
11 
The Mathema tics Teacher, 43: 11.8-119,. Mar.ch.,l9.50. 
Y Gly T. Buswell1 "Studying Pupils' Thinking in Arithmetic," (Ari thmetic;, SUpplementary Educational 
Monographs, University of Chicago Press, No.70, 55-63, 
October,l949. 
5 
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metical operations they are using. Such a method can pay 
good dividends by providing rich insights into difficulties 
in thinking. Without belittling the many purely objective 
research studies of the past, he feels tha t it may be pos-
sible to supplement their value with descriptive studies of 
how people think when working with numbers. Even though the 
methods employed ma y be inad~quate from the point of view 
of quantitative evidence, they may provide some leads that 
can serve as a basis :for :fUrther objective research. He 
suggests that pupils' descriptions of their own mental 
operations in computation or solving of problems are sub-
jective and may not always agree with the actual mental 
processes which occur. Such descriptions can supply 
insights into difficulties which might not be revealed in 
strictly objective studies of behavior. For example, in a 
study of more than 400 pupils made several years ago,§/ one 
finds illustrations of difficulties which never would have 
been revealed :from a study of written work, but which did 
show up when a detailed analysis of mental processes was made. 
§/ GUy T. Buswell, Lenore John, "Diagnostic Studies 
in Arithmetic," (Arithmetic), SUpplementary Educational 
Monographs, University of Chicago Press, Number 30, 2-3, 
October, 1926. 
6 
Buswell further states: 
Research in arithmetic is suf fering from lack 
of' insight, whi ch may be supplied only by exhibiting 
more daring and assuming more risk of failure in our 
methods of' study. Research in arithmetic is in danger 
of' becoming stereotyped and sterile. 71 
He suggests that fUrther progress in teaching arith-
metic is boldly blocked since too little is known about the 
na.ture of meaning f rom the student point of' view. In sum-
marizing research on different aspects of' problem solving 
he concludes, 11Research in arithmetic has be en more frequently 
characterized by industry and perseverance than fertility 
of' ideas." §./ 
Another prominent educator suggests that in order 
to evaluate learning outcomes we must modify old evaluation 
procedures to make better use of' them and to devise new onew. 
While admitting that the paper-and-pencil test has had,and wil 
continue to have wide usefulness, he insists that ways must 
be found to adapt it . to measure learning outcomes which are 
1/ Guy T. Buswell, Op. Cit., p.55 • 
.§/ Guy T. Buswell, "The Outlook for Research in 
Arithmetic", (Presented at conference on Arithmetic at Uni-
versity of' Chicago ), University of' Chicago Press, 1946, p.36. 
7 
neglected. He concludes: 
Oral questi oning , inc luding the interview, can 
get at learning outcomes not r eadily open to paper-
and- pencil tests. Both controlled and uncontrolled 
observations have values for assessing learni ng, 
values which are seldom realized in research in 
ari thmetic. New data on learning are to be had 
also f r om mor e sagacious and penetra ting analyses 
of pupils' work pr oducts (which need not be limited 
to tests or class papers). g; 
The purpose, nature, and values of problem-solvi ng. 
Skill in the solution of problems is considered by 
some a s the major objective of all arithmetical instruction. 
This point of view is well expressed by Mor ton 10/ when he 
sta tes that the purpose of the work in the four fundamental 
operations is problem-solving . 
That the ability to solve problems is an important 
phase of ar:i thmet ic is acknowledged by Spitzer ll/ but he 
doubts whether the skill should be set up as the end of 
g; William A. Brownell, "Fronti ers i n Educatio nal 
Research i n Arithmetic," Journal of Educational Research, 
40: 379-380, January, 1947. 
10/ Robert L. Morton, Teaching Arithmetic in the 
Elementary School, I , (New Yor k; Silver Burdett Company, 
1938 ), p.346. 
11/ Herbert F. Spitzer, op.cit., p.209. 
8 
all instruction in the fundamental processes. Rather than 
consideri ng it as a separate phase, be regards it to be an 
integral part of the total problem. 
A somewhat different point of view comes from 
vr.heat 12/who feels that the purpose of arithmetic instruction 
is not to teach children how to solve problems; rather it 
is to provide them with methods of t hinking,with ideas of 
procedur es,with general principles of arrangement and 
combinati on, so that quantitative situations of lif e may 
be handled intelligently without uncertainty and doubt. 
Regarding . cbaracteris:t.ics of problems,be states: 
It is not the situation, nor the various con-
ditions and elemental aspects which .create a 
problem; nor is it even the necessity of dealing 
with a situation that creat.es. a problem. The 
problem arouses out_ of doubt. about the way the 
situa tion mu st be handled. It is igno.rance, or 
uncertainty about the. way the conditi on ... shou.ld be 
dealt with . that . is the. problem or :tha t giv.es the 
situation the character of a p.ro.bl.em. When this 
ignorance is removed, when assurance is substituted 
for uncertainty, when .. knowledge ... replB.£·3'· doubt, 
~he problem as such ceases to exist. 
Along the -same .lines .of .. thi nking .he concludes: 
The purpose is so to order and systematize 
the child's methods of dealing with combination 
and. arrangemen~ of objects that he may go t hrough 
W Harry G. Wheat, ,The Psychology and Teaching 
of Aritbmetic, (Boston: D.C.Heath and Company, 1937), p. 140. 
w Ibid.' p. 138. 
9 
life freed from the necessity of confronting problems 
of an. arithmetica l nature. The purpose rests upon 
the assumption .that the .individual has a .higher 
function to perform. in lif.e than. to expend his energy 
in solving what were once problems in arithmetic but 
are problems no longer. He must be set free from the 
necessityof ever having. problems .in arithmetic to 
solve. J&/ 
Some authorities might claim that arithmetic is 
good training in thinking• Spitzer -15/denies this by pointing 
out that in the solution of a verbal problem the answer to 
a clearly stated question is found. The quest.ion of a verbal 
problem creates the difficulty and consequently defines the 
problem for thought. This provides little opportunity for 
intellectualization,and since the solution of verbal problems 
practically decides the process, the reasoning phase practic-
ally disappears. In addition, testing the hypothesis is 
not very useful in the solution of such a problem. Therefore 
he concludes: "The solution of verbal problems in arithmetic 
is not the best illustration of the steps in reflective 
thought." 1§/ 
Much training in arithmetic computation can come 
from solv.:ing pr.oblems., . so pupils must acquir e power in 
14/ Ibid., p. 140. 
15/ Herbert F. Spitzer, op.cit., pp. 223-224. 
16/ lQjQ.' p. 224. 
10 
----~------------------------........... .... 
problem-solving. Breslick 17/concludes that if they ar e 
taught an effective technique they will learn how to attack 
problems intelligently, to i denti fY what are given facts and 
those which are to be found, to recognize the relationships 
between them, to select the right process to be used and 
to check the answer. Suitable types of problems should center 
around various home problems, community situations, banking, 
investments, and communications. 
Morandi 18/concludes somewhat differently that even 
though children have been trained to use a technique o;f 
analysis in solving, there is no guarantee that they will 
use it. She also reports that an extensive program of 
practice in the formal analysis method of problem solving 
does not result in better methods of rea soning and that 
some children may do better work in solving problems When 
not retarded by a method of analysis. 
Opposed to the teaching of any system for solving 
problems .. even. t hough . the system .is only suggestive is 
- !7J E •. R.Breslick, "Curricular .Trends in High Schoo.l 
Mathemat.J.cs," _The Mathema.tics, Teacher, . 41.: 60.:..69. 
18/ Norma M. Morandi, "A Study of the Value of 
Formal Analysis in Problem Solving," (Unpublished Master's 
thesis, Boston University, 1949), p. 74. 
ll 
----~------------~------------------.... ~ ..... 
Beatley ~/who sees a possible value if it serves to get 
pupils started toward seriously considering the details o:f 
a problem placed before them. His plan for training pupils 
t.o solve genuine problems would be to upset stereotypes 
by presenting pupils with genuine problems which are suf-
ficiently different from the r outine sort of problem to require 
~ ,,. ' ' 
new thinking each time. Since the thinking should center 
around basic pri nciples, his object is not to bewilder and 
confuse, bu~ by proper ly graded steps to lead toward reliance 
upon these basic pr:tnciples. His reason for opposition to 
systems is that the pupil is more likely to learn the 
system than to understand what it aims to lead him to learn. 
While he seems to have no quarrel with the aim of the sys tern, 
he certainly does not believe that its use will help the 
pup i l to attain a desired goal; rather will such a system 
tend to take the place of' the goal. He cont.inues: 
I want the pupil to have. the. point of view that in 
a genuine .. problem, no rigmarole will serve; that 
he must .guard against acquiring. imprope.r conf idence 
in rules-of-thumb and systematized procedures;that 
they will often mislead him; that there is no 
sub.s:t.itu.te .. for his own independent thinking." gQ/ 
19/ Ralph Heatley, "Arithmetic for a Free Society," 
The Mathematics Teacher, 40: 276-278, October, 1947. . 
20/ nu.g.' p. 277. 
Thus it would seem· thatteachers must determ:Lne 
a middle-of-the-road plan between giving the necessary 
satisfaction that comes from successful accomplishment, 
and the stimulation of interest and incentive tPa t can come 
from giving problems designed to stretch pupils' powers. 
In conclusion, he states: 
·what good. can. come .from .... giving pupils. problems 
they cannot .eventually solve by means of their 
own thinking but are expected to "ge.t 11 by means 
of a rigmarole provided .for the purpose? We may 
seem by so doing. to .have given the . pupil .an abil-
ity he did not have before. I say, instead, that 
by so doing we rob him of something which. he 
previously pos.sessed--i.e., some bit of confidence 
in his own thinking--and, . if .we .ke.ep it up, we 
gradually reduce him to a person with no confidence 
in his .ability to s.ize .. up a situati9Il · tbatis really 
within his modest powers to grasp.~ 
So much do quantitative elements enter into our 
thinking that one wri ter.22/has been led to say that un-
less one sees things in quantitative terms, he scarcely 
sees them at all. 
Further thinking comes from Freeman who says, 
"Problems are solved by analyzing conditions and following 
up clues:. Unde.ratanding a problem .usually involves a clear 
El,/ Ibid~, p.277. 
22/ Franklin Bobbitt, How To Make A Curriculum, 
(Boston:Houghton Mifflin Company, 1924~ pp. 146-"147. 
13 
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grasp of concrete objects and relationships. This may 
frequently mean the ability to form an image of certain 
concrete objects. 11 ~/ 
Van Engen241believes that there is evidence tfl.at 
the teaching world is gradually changing its conception 
of what constitutes problem solving in a r i thmetic. The 
so-called problems found in the textbooks, are now, at 
times, being called "examples". There is a growing 
realization that a t best, the book problems are exercises 
in using the langua ge of a rithmetic, and that very little 
problem solving actually may accompany the procurement of 
answers to a page of typical textbook problems. 
In a very real sense the test of one's ability in 
arithmetic is ability to solve problems, according to 
Buswell.25/ He does not see any need for conflict, however, 
between the emphasis on the fundamentals and the emphasis 
on the solving of problems. Both must be adequately taught. 
~ Frank N. Freeman, The Psychology of the Common 
Branches, (Boston: Houghton .. Mii~flin Company, 1916) , p .232. · 
W H. Van. Engen, "A SUmmary of Research and In-
vestigations and Their Implications for the Organizing and 
Learning of Arithmetic,'' The Ma.thema tics Teacher, 
41: 260-265, October, 1948. 
25/ GUy T. Buswell, Lenore John, op.cit., p.l95. 
-------==~p==============~=======~-======~-=~c~~~~==~=========================~======~:=j 
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\Vhile a mastery of the fundamentals does not guarantee 
ability to solve problems, a lack of knowledge of them 
very seriously interferes with problem solving . Pupils 
frequently fail to solve problems, in his opinion, because 
their methods of manipulating the four fundamental processes 
are so clumsy that their attention is dist r a cted from the 
problems to the details of the number combinations. I I 
Brownell26/believes that the demands of modern living I 
make competence in arithmetic imperative. The program of I 
arithmetic instruction t0 \~ich the present generation of I 
Results ! adults was subjected did not produce this competence. 
of extensive testing by the armed forces have served only to 
highlight the glaring deficiencies in arithmetic, a fact 
well-known to tea cher' s of mathematics in secondary schools 
and colleges. To correct the evils of current mathematical 
deficiency, what seems to be needed is not more of the same 
kind of instruction which has produced the evils but a 
fundamental reorganizati cn in teaching of arithmetic and 
reorganization of the subject. matter. He concludes thus: 
In practical living we . must be intelligent .in 
quantitative situations. Mechanical skills may 
suffice so long as those skills are employed in 
situations which a r e wholly familiar. To the degree 
26/ William A. Brownell, 11Vlhen is Arithmetic 
Meaningful ?u , J ournal of Educational Research, 
38: 481-498, March, 1945. 
15 
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that situations differ from the completely f :3.miliar, 
we must be able to think,--and one does not think 
effectively with mechanical skills alone. Thinking 
is possible · only to .him who possess.es rich meanings. 
So equipped,one is sensitive to subtle aspects of 
situations which escape the possession of mechanical 
skills alone. For many,many years we have been told 
that skills can be used intelligently only when they 
have been. acquired intelligentlyJ.hence,the impo:rtt-
ance of meanings in a rithmetic.£!../ 
Steps in the process of solving arithmetic problems 
might be condensed as follows f'rom. Monroe: 
a. Reading statement of problem with .und.erstarrl.ing. 
b. Recalling principle.s applicable to problem. 
c. Formulating pat.tern of procedure concerning 
operations to be performed,this being based upon 
elements of meaning. and .. recalled . principles. 
d. Verifying procedure which generally does not 
constitute an explicit step. 
e. Performing operation which strictly speaking 
is not a step in the reasoning process. 
The same author describes two kinds of words, 
"descriptive'' a.n.d ''quantitative" as found in problems. The 
latter are technical words which define quantitative re-
lationships and are cues for planning the solution. His 
analysis assumes that problems are solved by reflective 
thinking,but he points out that pupils do not always reflect. 
If the problem is a familiar one, they automatically identify 
it as calli ng for a certain operation. This he calls a 
"short-circuiting" of reflective thinking. 
gz/ Ibid., p .494. 
28/ Walter ,s. Monroe _, "Derivation of Reasoning 
Tests in Arithmetic, 11 School and Society, 8 : 295-299. 
I 
I 
I 
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Breuckner 29/considers the first step to be a rather 
--=--- ----:: 
complex process invo~ving eye-movement,perception,associa tion 
of meaning with symbols,and the combination of these elements 
into an understanding of the problem. From this fi r st step 
should come a definition of the problem which he t·eels is the 
first step in reflective thinking. 
The following steps in thinking are sugge sted in 
the writings of John Dewey 30/ and . summarize.d here: 
1. SUgges.ting or possibly contradicti ng of things 
which mig'ht be done to solve the difficulty. 
2. Intellectualiz.ing, or general .sizing-up of 
the . total. s.ituation. 
3. GUiding hypothesis,or possible course of action. 
4. Reasoning or full development of suggested idea. 
5. Testing the hypotbes.is by action. 
General information on problem solving. 
Inability to understand the conditions of problems 
as they are stated is often the reason for f'ailures in 
problem solving ana many studies have been concerned with 
various other causes of failure encountered in the solution 
of pr oblems. Imporl,ant among thece are: lack of skill in 
fundamental processes, lack of general and technical 
g&/ Leo J. Breuckner, Diagnost.i .c and .Remedial . 
Teaching, (Philadelphia: John. C. Winston Company, 1930), p.266. 
30/ John Dewey, How We Think , (Boston, D.C.Heath 
and Company, 1933), pp. 106-115. 
vocabulary , inability to read,lack of mental capacity,and 
l a ck of proper techniqu es to atta ck problems. 
Often those pupils who read with apparent facility 
can comprehend only a fragment of the m&terial s which they 
have r ead. Read ing of verbal problems calls for certain 
reading skills which may be regarded as a "composite of 
specific skills rath er than as a gener alized ability". ~/ 
Johnson 32/conducted an experiment in 1941 using 
898 pupils in twenty-eight seventh-grade groups. His exper-
imental classes used practice exercises wlu ch were to aid 
in developing a meaningful understanding beyond that 
g iven in the textbook. The control groups depend ed entirely 
upon text and classroom discussion for their learning of 
these mathematical terms. His findings after fourteen weeks 
of practice revealed that statistically significant differ-
ences were in favor of the exper imental groups. Emphasis 
placed on adequate building of an a rithmetic vocabula ry 
should probably be one of the major considerations in 
improving work in problem solving. 
31/ John P. Treacy, "The Relationship of Reading 
Skills to the Ability to Solve Arithmetic Problems," 
Journal of Educational Research, 38: 86-96, October,l944. 
32/ Harry C. Johnson, "The Effect of Instruction in 
Mathematica l Vocabular y Upon Problem Solving in Arithrnetic, 11 
Journal of Educational Research, 38: 97-110, October,l944. 
-------- - ==~==========---- --- ----------
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An attempt was made by Bov~an ~to determine the 
relationship between expressed interest or preference for 
problems in arithmetic and achievement on these problems 
by pupils of junior high level. Following a comprehensive 
study of standardized tests and texts, he selected five 
types of problems commonly found,and constructed two forms 
of a test which he administered to 564 pupils. These pupils 
were asked to state which of the problems they liked best. 
The study revealed that pupils of high ability performed 
equa lly well on all types of problems and that there was no 
prefer ence for any one particular type. In conclu sion he 
states, "We seemed to be justified in inferring that the 
expectation of greater success leads an individual to 
prefer one problem over others,and that belief in success 
causes preference rather than that preference is a cause of 
successful performance. 11 34/ 
Wilson 35/suggests that reading devices might be 
used to increase- problem-solving abi lity,such as restating 
33/ Herbert L. Bowman, "The Relation of Reported 
Preference to Performance in Problem Solving," Journal Qf 
Educational Psychology, 23: 266-276, April, 1932. 
34/ Ibid •. , p.275. 
~/ Estaline Wilson, "Improving the Ability to Read 
Arithmet:tc Problems," Elementary School Journal, 22: 380-386, 
1922. 
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the problems in story and dramatization form. 
Another study reports that the best material for 
use in teaching problem solving in arithmetic is to have 
the problems selected by pupils themselves based upon 
situations within their own environment.36/ 
Several years ago, Kramer ~/conducted an extensive 
survey of the effect of interest,style and form on pupils' 
success in solving problems and notes that they preferred 
the interrogative sentence form with facts simply stated. 
Interesting problems failed to induce more successful 
arithmetical thinking. This seems to coincide with the 
general conclusions that pupils are hampered with details 
and unfamiliar vocabula ry. 
Hydle ana Clapp ~/believe that the child's visual 
imagery is a l arge factor in the interpretation of concrete 
problems. All th.i.s probably means that the visual imagery 
~ William L. Connor and Gertrude Hawkins, "What 
Materials Are . Most Useful to Children. in Learning to Solve 
Problems?" Educational Method, 16: 21-29, October,l936. 
37/ Grace A. Kramer, The Effect of Certain. Factors in 
~he Verbal Arithmetic Problem Upon Children's Success in 
the Solution, Johns Hopkins Press, University Studi.e.~ in 
Education, Baltimore,Maryland, . Number 20, 1933, p.63. 
~ Frank L. Clapp and L.L.Hydle, Interpretation of 
Concrete Problems in Arithmetic , Bureau of Educational 
Research, Number 9, University of VVisconsin, September,l927, 
p.84. 
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of the child is an important factor in reflection. If the 
visual imagery stands out clear and di stinct, reflective 
thinking is working at maximum ef'f iciency. By the term 
"concrete problems" they refer to reasoning p r oblems and 
not merely examples dealing with concrete objects . On the 
basis of studies using l a rge numbers of intermediate and 
junior high students, groups vary ing from 5870 to 7029, they 
arrive at some inter esting conclusions. They find that the 
objective setti ng, the size of numerical terms,and the use 
of unfamiliar terms in a problem are real elements of dif-
ficulty in its interpretation. They also find that problems 
presented with others of t heir own kind are easier than vnLen 
presented with other problems of a different kind, and that 
when non-essential elements are included in statements,the 
difficulty is materially increased,but this diffi culty tends 
to decrease for pupils in higher grades. 
Their conclusion is that thinking of pupils is 
largely a matter of visualization Which concerns the con-
ditions of the problem. It has to do with the objects named 
in the problem, the relationships exi sting among these objects, 
the numerical terms in the problem, and the like. They 
believe that there should be a conscious attempt in the 
\ preparation of teaching material to grade problems according 
to d i fficulty,from those that a re built around condit i ons 
==-- --
that are easy to visualize up to those that are built around 
conditions difficult to visualize. 
If the thinking of pupils in arithmetic is to be 
developed beyond the level of visualization, textbooks 
should contain many problems built around experiences that 
are not connnon to children. They feel that i:f we continue 
too long: to give pupils problems that are easy to visualize 
and problems within their experiences, we ~ay get a gener-
ation o:f pupils that have very little real ability in the 
solution of problems. 
Brueckner iQ/suggests ·that increased use be made 
of problematic situations Which arise naturally in school 
activities. In this way number processes will be taught in 
concrete application,yet traditional textbook problems a r e 
seldom based upon real experience. 
Similarly in a study of over 900 pages and more 
than 2400 problems o:f a modern series, Dexter 41/claims 
there was not one truly :functional unit, and only seven 
that could be considered as based upon real experiences. 
@ Leo Brueckner, "Improving Work in Problem 
Solving," Elementary School Review, 6: 136-140, May, 1.929. 
41/ Clara E. Dexter, "Analysis of Written Probl.ems 
in a Recent Arithmetic Series," (Unpubli shed Master's 
thesis, Boston University, 1946), p.l99. 
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of Paul .Hanna44/ is that the method of' formal anal y sis or 
"conventional" method as it is of'ten called is most widely 
recommended. He also undertook a study of' the effectiveness 
of three methods of' problem solving,using 1,000 children 
to determine the values and limitatione. of' ea ch meth od. His 
results show that pupils who used an 11 individual" method 
surpassed in both accuracy and speed those using either the 
"dependr:: ncies '' method or the nconventional-f'ormula" method. 
By way of' explanation, the "individual'' method r efers t o the 
procedure used by children when left to their own devices, 
the 11 dependenc ies 11 method uses logical analysis and diagrams, 
and the ''conventiona.l-f'ormula 11 method is similar to the 
method of' "formal analysis" in that pupils must use a four-
step pattern to develop a formula. 
An extensive study made by Washburne 45/ reveals 
that those wh.o had not been taught to use formal analysis 
did as well if' not better than those who had been so trained. 
He also noted that there seemed to be little relation 
44/ Paul R. Hanna, A Study of the Relative Effect-
iveness of' Three Methods of' Problem Solving, Bureau of 
Publications, Teachers College, Columbia University, 
New York, 1929, p.68. 
45/ Carleton W. Washburne and Raymond Osburne, 
"Solving Arit hmetic Problems I ," Elementary School Journal, 
27: 219-226, November, 1926, p.222. ·· 
24 
===~~!=====================================================~======= 
between ability to solve a problem and ability to take any 
of the other steps. He explains, ''The children analyzed a 
problem correctly and solved it incorrectly,or solved it 
correctly and analyzed it incorrectly almost as often as they 
both solved and analyzed it either correctly or incorrect-
ly .u46/ 
A further study made by Washburne and Osburne 4 7/ 
using three different methods of training children to 
solve problems reveals that those children who used no 
special technique but simply had opportunity to solve many 
problems obta ined better scores than those who had been 
taught specific techniques of attack. The most effective 
method was to give many problems with no special technique 
and then to help each child individually as difficulties 
were encountered. 
On the basis of a comprehensive survey on the 
improver::ent .. of problem solving corducted by Jobnson W 
ID Ibid.' p. 222. 
47/ Carleton W. Washburne and Raymond Osburne, 
11 Solving Arithmetic Problems II, n Elementary School Journal , 
27: 296-304, December,l926. . -· q . .. 
48/ Harry c. Johnson, ttProblem Solving in Arithmetic--
A Review of the Literature, n Elementary School Journal, 
44: 396-403, March, 1944. 
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he reports that although there is a reasonable doubt con-
cerning the superiori ty of' any one method, systematic 
training in any reasonable procedure :for attacking problems 
is bound to lead to improvement. 
Another prominent textbook author states his opinion 
that,"Superior pupils apparently can devise efficient tech-
niques of problem-solving,and they should not be taught a 
single, set technique. u ~/ 
McEvv-en 50/ studied the ef'f'ect of' cue words in problem 
solving by interviewing 202 pupils at various grade levels. 
His evidence reveals that they are decided factors in 
influencing the solutions of' younger children,but as pupils 
become older they tend to rely less upon cues. He also 
observed that some children obtained answers by a process of' 
elimination,and that pupils of superior ability were less 
responsive to verbal clues than t h ose of lower ability. 
49/ Leo J. Brueckner and Foster E. Grossnickle, 
How to ]~e Arithmetic Meanin 1, (Philadelphia: The John C. 
Winston Company, p.l64, 1947 • 
50/ Noble Ralph McEwen, "The Effect of Selected 
Cues in Childr en's Solution of Verbal Arithmetic Problems," 
(unpubl ished Doctor's dissertation, Graduate School of Arts 
and Sciences, Duke University Library, 1941) 
-~~- -- -------- ------.....=.....::;: 
Morton 51/finds in an analysis of pupils' errors 
much evidence of random manipulation .where conditions of 
the problem were not grasped and no definite plan of 
reasoning formulated for solution. He concludes that many 
pupils solve problems largely by procedures of trial-and-
error,and depend upon cue words or the ar rangement of 
numbers within the problem. 
Research in problem solving at secondary and adult levels. 
Lyda, 52/ while stud~ring the responses of secondary 
school pupils in a test of verbal reasoning problems, is 
appalled with the number of pupils who seem unable to get 
correct answers to supposedly seventh-grade problems. His 
concern is intensified further by noting that the pupils 
are f ami l iar with the situations described in each problem, 
the instructors are certified in mathematics,these same 
teachers consider the problems to be true to life, and the 
pupils are average or above in psychometric intelligence. 
His procedure in determining the difficulties with the 
problems is to sel.e.ct. several pupils at each grade level 
51/ Robert L. Morton, Teaching Arithmetic in the 
Elementary School, Volume II, Intermediate Gr-ades, . · 
(New York: Silver Burde.tt Company, 1938), pp.454~493. 
52/ W.J.Lyda, "Arithmetic in the Secondary School 
Curriculum," The Mathematics Teacher, 40: 387-388, 
December, 1947. 
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and apply an oral technique to each student individually 
which consists of asking the student to think aloud as he 
attempts to work ea ch problem. Upon the basis of a limited 
analysis of the mental processes employed by these various 
students,he noted that there was an inability to analyze 
a problem to see what questicn the problem asks, what 
information the problem gives, and how the information may 
be used to answer the questions of the problem.. In addition, 
he found an inability to outline a method of atta cking 
a problem as indicating the information which is needed as 
well as a tendency to manipulate figures with no understandi 
Sueltz 53/reports that in interviewing several 
pupils to analyze their responses to different types of 
arithmetical situations, some pupils go through several 
stages of written computation while others obt ain correct 
answers by a little resourceful reasoning. He concludes that 
formal computations are often a stumbling block to the 
development of real judgment and meaningful understandings. 
In other judging situations he observes that college freshmen 
are only a little better than sixth-graders. In still other 
53/ Ben A. Sueltz, ''The Measurement of Understanding 
and Judgiii'ent in Elementary School Mathematics,(Mathematics), 11 
The Mathematics Teacher , 40: 279-284, October, 1947. 
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situations he points out that it is by means of the inter-
view that he frequently obta ins real clues to understandings, 
or the lack of them. 
A paucity of studies in the area of teacher training 
which are concerned with the degree to which studen~s pre-
paring to be teachers have gained basic mathematica l under-
standings and meanings basic to the compm:.ational processes 
commonly taught in grades one to eight is noted by GLennon S4/ 
in one of his studies. He gives pessimistic findings based 
upon his research but is r eluctant to generalize upon any 
study whose data have been gathered through use of a group 
test. 
He suggests that a superior method would be to 
study the behavior of each person individually through 
conversing with him and keeping anecdotal records or his 
peri·ormances on the various test items. It is his opinion 
that many people who do not understand arithmetic have 
been taught by teachers who really did not understand it 
either,and not understanding it, they were forced to teach 
it as a series of meaningless tricks of repetition without 
insight. 
54/ Vincent J. Glennon, "Study of Needed Re-direction 
in the Preparation of Teachers of Arithmetic," The Math-
ematics Teacher , 40: 387-388, December, 1947. 
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In one of the very earliest studies, Gard §§/ 
1 analyzed and recorded the reasoning processes of a small 
II 
I 
I 
I 
I 
I 
I 
number of adults in the solution of seven puzzle problems. 
He concludes that previously established habits of pro-
cedure had a definite influence on methods of attack, 
that familiarity with the types of problems results in 
greater speed,and that often the reasoning seems to be purely 
of a guess or trial-and-error nature. Actual mental 
processes show many deviations from the well-known series 
of steps in the methods of problem solving. 
Neulen 56/makes reference to several studies which 
! are concerned with how pupils solve reasoning problems 
! 
but notes that all of these studies are concerned with the 
work of grade school students. 
Using the interview technique to discover the 
methods used in problem solving, Stevenson 57/reports 
I that many random, useless procedures are used by pupils to 
I 
55/ Willis L. Qird, "A Preliminary Study of the 
Psychology of Reasoning," American Journal of Psychology, 
18: 43, October, 1907. 
56/ Leon N. Neulen, Problem Solving in Arithmetic, 
Teachers College Contribution. to Education, Number 483. 
57/ Paul R. Stevenson, "Difficulties in Problem 
Solving," Journal of Educational Resear_gh, 11: 95-103, 
February, 1925. 
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solve problems, describes difficultie s of various types 
and makes suggestions which he has found effective for 
remedial work. 
Findley and Scates 58/point out that generally 
the evaluation of understandings does not r equire new pro-
cedures and devices. They claim that the things which pupils 
do and say, when properly noted and interpreted, are the 
richest source of inforrration about vvhat pupils understand, 
and how the understanding· is acquired. 
In the same publi cation , Sueltz 59/and others claim 
that observation and inter view of pupils will frequently 
reveal an inc§ enuity based upon real understanding. They 
further state, that generally speaking, observation, discus-
sion, and interviews are far more useful than paper-and-pencil 
tests in evaluating ability to understand principles and 
p r ocedures which are used in computation. 
58/ Warren G. Findley and Douglas E. Scates, 
11 Obtaining Evi dence of Understandings, 11 The Measurement 
of Understanding, Forty-fifth Yearbook of the National Society 
for the Study of Education, Part I, Q1icago: University of 
Chicago Press, 1946, p.45. 
§g/ Ben Sueltz, Holmes Boynton, and Irene Sauble, 
"Obta ining Evidence of Understanding," The Measurement of 
Understanding, Forty-fif th Yearbook of the National Society 
for the Study of Education, Part I, Chicago: University 
of Chicago Press, 1946, pp. 145-146. 
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In studies of Ulrich,601not only children but 
teachers and lay people were asked to compute examples 
orally in order to record and study their reactions. 
Similarly in the findings of Buswell and John previously 
mentioned on Page six, there is lack of agreement on meanings 
of terms, order of processes, and reasons for acts. Short-
cuts do not seem to be well understood and processes are 
memorized. 
Van Engen £!/points to many interesting research 
studies showing correlation of various abilities with that 
of getting correct answers to so-called problems,and also 
to various vocabulary problem-solving studies all of which 
are of value as well as interest. However he points out 
that much confUsion still exists because of the difficulty 
in really determining what people do in actual problem 
situations. He feels that fUrther progress will probably 
depend upon progress in research studies on the learning 
process, meaning, and general s -c.udies on the thinking 
processes in arithm.etic. 
60/ Louis E. Ulrich, Streamlining Arithmetic, 
(Chicago: Lyons and Carnahan, 1943, p. 12. 
61/ H. Van Engen, op. cit., p. 262. 
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In a study employing three successive classes of 
freshmen at Miami Univer sity and a total of 925 students, 
GUiler §g/presents convincing evidence of college students' 
difficulties and inadequacies in the fundamentals of 
fractions, percenta ge, and decimals. With ref erence to the 
matter of fracti ons, he concludes that a lack of comprehension 
of the process involved constitutes the chief source of 
difficul ty. Most difficulty was encountered in div i sion and 
least appeared in addition. The second l argest group of errors 
was due to faulty computation, while a third source of 
difficulty came from changing fractions to a common denominator. 
A considerable number of errors came in reducing fractions to 
lowest terms, borrowing was a major source of trouble in 
subtraction, and changing mixed numbers to improper fractions 
and vice versa was a difficulty that wa s f airly common. 
In summarizing he says: 
The data presented· show that a l arge proportion 
of the college freshmen incl uded in t .he study cannot 
be relied uponto do accurate computation in.which use 
of fractions is involved. The situa tion i .s all the 
more distressing in view of the important. role wldch 
number plays in intelligent .human .behavior. Competency 
in be.sic arithmetical skills is needed in dealing 
with our twentieth century work, for the common 
affair s of everyday life, domestic and social problems, 
62/ Walter s. Cbiler, "Difficulties Encountered 
by College Freshmen in Fractions, 11 Journal of Educational 
Research, 39: 102-115, Octobe~, 1945. 
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civic and economic thinking, reflection along all 
scientific lines--all have their quantitative 
aspects. Be.cause of the fact that competency in 
number skills really does matter in the. performance 
of life activities, it would seem that a critical . 
search should be made. in .order to discover the 
factors which are helping to produce the poor 
quality of learning. product made evident by the 
tabular findings.£2/ 
A year later Guiler ~/reports that a large percent-
age of college freshmen showed weakness in certain phases 
of work with decimals. More than two-fifths had difficulty 
changing fractions to decimals and more than three-fifths 
in changing mixed numbers to decimals. More than one-tenth 
did not know how to change fractions to decimals and almost 
three-tenths of the group could not change mixed numbers to 
decimals. Also many did faulty work in computation. Achieve-
ment of freshmen girls was somewhat higher than that of 
boys but sex differences were not especially pronounced. 
There was a marked tendency to place the point too f ar to 
the right in multiplying,whereas those who encountered 
difficulty in placing the decimal point in the divisi on 
of dedimal numbers tended strongly to place the point too 
far to the left. 
~I Ibid., pp. 103-104. 
§.1/ Walter s. Guiler, "Difficulties Encountered 
by College Freshmen in Decimals, " Journal of Educational 
Research, 40: 1-13, September, 1946. 
\ 
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He concludes, "Because <Df the character and extent 
of the difficulties of college freshmen in work with 
decimals, higher educational institutions would do well to 
institute a systematic remedial program in order to help 
the handicapped students overcome their difficulties.".§§/ 
Finally in his report on percentage, he finds that 
most of the students manifested a marked incompetency with 
boys making somewhat higher scores than girls. Approximately 
seven-eighths of the group were weak in what is commonly 
called "third-type" percentage, or finding the nuniber when 
a percent of the number has been given. Only a few types 
of difficulty accounted for most of the trouble which the 
students encountered. This is of special significance since 
it is known that systematic programs of remedial instruction 
on limited numbers of type skills will bring about marked 
improvement in a comparatively short time. 
Most of the difficulties were those centering 
around lack of understanding procedure, inability to apply 
the idea of percent as "hundredths", and difficulty in 
changing fractional and decimal quantities to percent 
equivalents. The second l a rge st group of errors was due 
to faulty computation. 
§§/Ibid., p. 13. 
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On the basi.s of' his analyti.cal findings he says: 
The situation revealed by this study leaves much 
to be desired. Our profession should dis.cover,on 
the basis of' analysis of' social usage,what abilities 
are needed in dealing effectively with the percent-
age aspects of' our contemporary world. Pending this 
inquiry into our social needs, we would do well to 
investigate the administrative and teaching techniques 
which may be responsible for the low ~evel of com-
petency o:r college :freshmen. in percentage. In the 
meantime, institutions of higner learning which 
accept freshmen who do not possess the abilities 
needed in work involving percentage should feel 
obligated to institute an instructional program 
whereby the students concerned may be helped to 
overcome their handicaps." £§/ 
Sueltz 67/recently reports in a study based upon 
two thousand junior high pupils and one thousand college 
students that weaknesses in arithmetic learning tend to 
persist from one level to another, and that mathematics 
tends to be a segmented group of' materials r a ther than a 
program of' continuous growth. He also observes that many 
college students set down figures and compute wi thout doing 
any critical thinking and that, at all levels of' mental 
ability, they use pencil and paper for simple things which 
should be done mentally. He finds them doing reasonably well 
in solving simple equations but too little concerned with 
the understanding and si.gnific ance of what they are doing. 
@ Walter S. Gliler, "Difficulties Encountered in 
Percentage by College Freshmen,n Journal of Educational 
Research, 40: 81-95. 
I 67/ Ben A. Sueltz, ''Mathematical Understandin gs and 
~~ L i~~gmJ~~~ '~~~~;~ ~ t~5i~~=l=l=-e=g=e=F=r=e=s=hm=e=n=, =·~ =-~=;Ia=th=e=m=a=t=i=c=s=T=e=a=c=h=e=r=-' -=jj===== 
not as unfavorable to the teachers colleges as the opinions 
so often expressed. His study has used the published reports 
of the American Council on Education Psychological Examination 
for the ten-year period beginning with 1935 in comparing the 
teachers-college freshmen with those in other colleges on a 
nation-wide basis. From 165 to 243 colleges have reported 
scores of from 25,000 to 50 7000 students annually and from 
twenty-seven to thirty-nine teachers colleges have reported 
scores of from 3 7500 to 7 7000 freshmen. While the lists of 
institutions for the several years vary somewhat,all appear to 
furnish a good sample of the two types of colleges. 
His summary and considerations follow: 
Teachers-college. freshmen averaged les.s than ten 
percent below four-year college freshmen. As a 
group they were slightly less variable than four-
year freshmen. Teachers colleges had, in terms of 
percentages, more than . one-half as many as colleges 
in the highest decile and about one and two-thirds as many 
in the lowest decile. The foregoing results are 
significant because of the number of cases and 
period of time included. The opinion that teachers-
college freshmen are markedly low in ability is not 
supported by the facts herein presented. That they 
are somewhat low is admitted. 
§.§/ Ernest L. Welborn, "The Quality of Students 
Attending Teachers Colleges," Journal of Educational Research, 
40: 668-670, May, 1946. 
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I summary. 
Several investigators have analyzed errors in 
problem solving and have sought their causes. They are 
generally agreed that it is failure to reason correctly 
rather than lack of computational skill that prevents 
pupi ls from giving the correct solutions. Some feel that 
it is a disproportionate emphasis on computation which 
accounts for failure to apply the processes correctly in 
the problem work. In other words, the predominance of 
routine computational drill from the primary grades on may 
actually unfit pupils for the flexible thinking whi ch is 
necessary in working arithmetic problems. Vmile on many 
issues t h er e is no common agreement, it seems to be an unan-
imous opinion that children fail in textbook problem-solving 
because of lack of opportunity at school to learn to solve 
their own r eal problems and because concrete experiences 
necessary to make the terms of' the problems meani ngful have 
been almost wholly l a cking from their school experiences. 
Some investigations point out that many errors 
appear to be due to a mechanical manipula tion of the terms 
of the problems, instead of car efUl thinking of the t erms 
expressed in them. Others repo~ that pupils look for cues 
or types of problems and work blindly without considering 
3 8 
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the i mplications of t he problems 
are the least bit reasonable. 
or whether their answers 
Problems in conventional textbooks have been 
criticized by many as being meaningless, uninteresting,over-
compl icated and unnatural. A basic suggestion for the im-
provement of problem solving,agreed upon by several leading 
authorities, is to get away from textbook problems which have 
been manufactured to give pupils specific computational 
practice embedded in problem situations. The genera l com-
plaint is that too many reasoning problems appear to have 
been constructed solely to fUrnish fodder for such practice. 
This probably destroy s their value as real problems and 
encoura ges childr en to think that all problems will come out 
"even" in stereotyped terms. Mo st problems in real life do 
not come out "even", often do not fit into convenient units 
of measurement,and are most certainly not expressed in t h e 
terminology of the tradi tional arithmetic textbook. 
Some experiment s show values derived from teaching 
pupils how to solve problems by means of dia grams and 
formulae. Others feel that such procedures may be mor e 
complicated and mentall y taxing than the original problem. 
Also they report that memorization of rules doe s not appear 
to be any more effective than diagramming. 
----+-----
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Most of the studies are based upon tabulations 
from the final answers to problems, a few on analysis 
of children's work for each problem,and practically none 
on hearing children work problems orally,although, as many 
of the experts in the arithmetic field believe, this latter 
would be the most reliable of methods. 
There appear to be very few studies at the teachers 
college level which are concerned with the thinking employ ed 
by students in the solution of common arithmetic problems, 
and of the various techniques and procedure s which contribute 
to or interfere with the understandings necessary to the 
attainment of correct solutions. If this is the case, then it 
would seem that there is justification for a study which tries 
to determine what techniques and procedures have led not only 
to correct thinking but incorrect thinking as well,and to 
determine to what extent errors are the result of f aulty 
computation or failure to understand the terms and condit j_ons 
of the various problems. 
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CHAPI'ER III 
PLAN OF PROCEDURE 
Introduction 
The study was primarily concerned with analysis of 
thought processes or techniques employed by freshmen in a 
I teachers college as they solved orally ten arithmetic problems, 
(See Appendix,p.llO), selected from those commonly found in 
junior high textbooks and standardized tests at that level. 
This material was selected to determine the ~ypes of under-
standings and judgments which seem to be retained from the 
initial period of study. 
The general plan in the investigation was to compa re 
the processes employed by those who succeeded with those who 
failed to secure the cor rect answers, when pupils were class-
ified on the basis of their scores on an intelligence test 
and also the amount of mathematics which had been studied in 
high school. 
Administration of the interviews 
Description of the population tested. 
It was originally planned to interview the entire 
freshman class of 170 members in a Maine teachers college. 
However,since the study was to include only students prior to 
==i== - -· --------=-=-=-=-~~=-=-=··c=--====-===-=-=--=-=--==============jj====-=-~-=--
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their enrollment in arithmetic methods courses at the school, 
a lack of time, difficulties in arranging periods mutually 
satisfactory,and changes in the college schedule at the end 
of the first semester made it· necessary to limit the number 
of interviews to one hundred students,forty-seven of whom were 
women and fifty-three were men. 
Appointments were arranged by the head of the mathe-
matics department who cooperated by determining availability 
of pupils in spare periods,and then by making assignments 
accordingly. Selection of pupils,while based entirely upon 
availability of students, contains representation from all 
five sections of the entering class • 
. 
That the group was typical and compared favorably with 
similar groups in intelligence and arithmetical ability was 
revealed from the scores obtained on a group test of mental 
ability,and ~heir expression of varying degrees of fondness 
for arithmetic. While actual scores may not be revealed 
because of college regulation, it may be noted ·chat the mean 
I.Q. score for men interviewed was only one point higher than 
that o:f worn en . 
Description of the test. 
The test consisted of ten different problems of var,ying 
degrees of difficulty and included areas of rectangles and 
triangles,volumes,proportions,estimation,tax rates,percentage, 
and simple interest. No at tempt was made to determine the 
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degree of difficulty of the problems prior to administration 
of the test, nor were they presented in any specific order for 
reason other than variety. 
Plan of the interview. 
Previous to the interviewing of this group, six dif-
ferent pupils were chosen to be interviewed to aid the examiner 
in determining procedures to follow in questioning and in 
recording. From t his experience, it was decided to follow no 
set plan and to refrain from questioning or helping pupils as 
this seemed to interfere with rather than aid their expression 
of thought. 
All interviews were conducted in a regular college 
classroom with no others present and the length of time for 
each varied between fifteen minutes and sixty-five minutes 
with the average probabl y in the vicinity of forty minutes. 
Students were told that the examiner was interested in deter-
mining exactly how college students attacked problems of 
arithmetic and that their cooperation was important. 
Instructions were that they read each problem aloud 
and solve it using the methods which seemed most reasonable to 
them,employing no unnecessary operations,and that they were to 
talk as they worked in order that their responses both oral 
and written might be noted. It was necessary,in some instance~ 
to try to gain r apport by reassuring some of the students that 
the result s of the intervi ew would in no way influence their 
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grades, become part of their school record,or be revealed to 
any other instructors. 
Before solving any problems, those interviewed were 
asked to indicate to what extent they either liked or dis-
liked arithmetic and also to state the number of courses 
which they had pursued in high school. 
If at any time the subject paused or indicated that 
he was thinking but not reporting, he was reminded to think 
aloud and tell all he could. If he could not explain his 
methods,he might be asked such. questions as: 
1. How did you know you had to multiply? 
2. Can you estimate what a reasonable answer might be? 
3. What makes you think your solution is correct? 
4. What conditions of the . problem helped you to 
decide the process you employed? 
At no time during the procedure were any signs of 
approval or disapproval shown of any remarks offered by those 
being interviewed nor were clues given to indicate whether 
responses were correct or not. Occasionally they were asked 
if answers seemed reasonable to them. 
When all interviews had been completed,the Otis Quick-
Scoring Test of Mental Ability,Adult form, was administered to 
the entire group. 
Arrangement and classification of data. 
The most satisfactory way to arrange this mass of 
subjective data appeared to be in terms of the techniques and 
procedures which had been frequently mentioned in the research. 
45 
First each one was classified according to mental 
maturity,(Upper--I.Q. 120 and above),(Middle--110-119 I.Q.), 
(Lower--below 110 I.Q.), and then according to the amount of 
mathematics previously studied, ("Much Math'' f'or those having 
more than two years and "Lit tle Math'' for those with a lesser 
amount). Then the plan was to consider each problem indiv-
idually and note the frequencies of the various techniques 
under the classifications previously mentioned and the extent 
to which they appeared to contribute to incorrect thinking 
in the obtaining of right or wrong answers. 
Listing of frequency and variety of errors was also 
considered to show whether these were due to faulty thinking 
or computational weakness, for evidence of pattern thinking 
which would lead to carelessness or unreasonable answers, and 
the extent to which students would report such answers without 
making any attempt to recheck. 
All observations made and conclusions drawn are then 
entirely on the basis of the frequencies listed under each of 
the several classifications of successes and failures. 
Justificat i on of the interview. 
Vlhile much was revealed which cannot be r ecorded or 
summarized, the personal interview did make possible closer 
observations of students' mental processes and attitudes as 
they operated in solving problems,especially where difficulties 
were encountered, than could otherwise have been obtained. 
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CI-IP'"PI'ER IV 
CHAPI'ER IV 
INTERPRETATION OF RESULTS 
Introduction 
With this entirely subjective approach it might be 
expected there would be difficulties in classifying the data 
in an objective form. The great variety in type and difficult~ 
of the problems, numerous short cuts, mental manipulations 
and different manners of expression, re-reading of parts of 
problems, evident and concealed guessing, all have served to 
complicate the summarizing of the data. 
From observation of the problems it shculd be evident 
that college students must have experienced at some previous 
time problems such as were presented, and that the terms and 
concepts of the problems might well be within the comprehen-
sion of the average high school graduate. It should be 
emphasized that none of the students had been knowingly in-
fluenced by the interviewer in their selection o!· techniques 
and methods of reasoning used in solving the problems orally. 
It seemed. reasonable to suppose that: 
1. There would be diff'erences in the degree of 
fondness f'or or dislik.e toward problem solving 
as related to arithmetic, and in the attitudes 
and responsiveness of the various members 
toward the problem situations. 
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2. There would be differences in the degree of 
success attained and techniques employed 
between those of high mental maturity and 
those of the lower group. 
3. There would be s i milar differences between 
those who had pursued many courses of mathe-
matics and those who had . avoided it,or taken 
a minimum which is often required. 
Differences among group members with respect to 
intelligence, training and preference are discussed first, 
followed by a study of pupils' techniques and successes on the 
test as a whole. Next,various techniques employed by those 
who were successfUl and those who were not are compared and 
contrasted, and finally there is an attempt to analyze and 
compare errors in each problem for additional insights whi ch 
might possibly be revealed. 
Study of differences wlthin the group. 
Table I on page 50 reveals that 62.2 percent of the 
men have studied mathematics more than two years,whereas only 
38.4 percent of the women have done likewise. Considering each 
classification, about 87 percent of the men in the ~oup 
with I.Q. 120 and above have had more than t wo years of 
mathematics, 68 percent of the group between 110-119 have also, 
whereas only 31 percent of the lowest group have done so. By 
comparison, in the women's groups, 57 percent of the highest 
I.Q. group have had many courses in mathematics, 40 percent 
of those in the 110-119 group, and 20 percent of those in 
the lowest group. 
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TABLE I 
CLASSIFICATION OF ffiOUP ON BASIS OF INTELLIGENCE TEST 
SCORES AND AMOUNT OF MATHEMATICS PREPARATION 
Men Women Total 
Freauencv Freauencv Fre uencv 
Description Num- Per Num- Per Num- Per 
ber Cent ber Cent ber Cent 
I.Q. 120 
and above 
Much Math* 13 24.5 8 17.0 21 21 
Little Math# 2 3.9 6 12.7 8 8 
I.Q. 110-119 
Much Math* 15 28.3 7 15.0 22 22 
Little Math# 7 13.2 11 23.4 18 18 
I.Q. below 
110 
Much Math* 5 9.4 3 6.4 8 8 
Little Math# 11 20.7 12 25.5 23 23 
Totals 53 100.0 47 100.0 100 100.0 
. 
* Much Math--those who have stud2ed more than two years • 
# Little Math--those who have studied two years or less. 
On page 51, Table II supplements the data presented 
above by adding the expr essed fondness for or dislike of 
ari thmetic. As might be expected, 50.8 percent of all men have 
expressed a liking for the subject whereas only 36.2~p~rc~nt 
of the women have done so. The "indif"f'erent" or "lukewarm" 
group, so-called, is about the same for both men and women 
\1 being slightly more t ban one-third in each case, while women 
I 
1
! have expressed stronger dislike for the subject than men. The 
II r- -~-- ---
greatest incidence of indifference or dislike comes from the 
group in the middle and lower intelligence groups whose members 
have had little mathematics. It is very likely that t h is group 
professing neither to like or dis l ike the subject,actually come 
closer to expressing a "dislike 11 attit.ude if one were to 
consider the reluctance to commit themselves and hesitancy of 
responses. 
TABLE II 
CLASSIFICATION OF GROUP ON BASIS OF EXPRESSED PP.EFERENCE, 
INTELLIGENCE TEST SCORES AND AMOUNT OF MATHEMATICS PREPARATION 
Neither Likes 
Group Likes Nor Dislikes 
Men Women Men 
% ~ % 
I.Q. 120-above 
Much Math* 18.9 12.8 5.7 
Little Math#- 0 4.3 1.9 
I.Q. 110-119 
Much Math* 22.5 8.5 5.7 
Little Math# 0 6.4 7.5 
I.Q. below 110 
Much Math* 5.7 2.1 1.9 
Little Math# 3.7 2.1 11.3 
Total 50.8 36.2 34.0 
Percentages 
* Much Math--more than two years. 
# Little Math--two years or less. 
Women 
% 
2.1 
4.2 
4.2 
10.7 
4.2 
12.9 
38.3 
Dislikes 
Men Women 
% % 
0 2.1 
1.9 4.2 
0 2.1 
5.7 6.4 
1.~ 0 
5.7 10.7 
15.2 25.5 
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TABLE III 
RESULTS OF SUCCESSES OBTAIJ\lED BY ENI'IRE GROUP 
ON TEN PROBLEM TEST 
Problems 
Correct 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
Total 
Mean 
Men 
Frequency 
Num- Per 
ber Cent 
6 11 
6 11 
9 17 
10 19 
9 17 
2 4 
7 13 
3 6 
0 0 
1 2 
53 100.0 
Scores: 
Men--
Women--
Combined 
6.75 
5.17 
6.01 
Women Totals 
Frequency Frequency 
Num- Per Num- Per 
ber Cent ber Cent 
0 0 6 6 
4 9 10 10 
5 10 14 14 
6 13 16 16 
7 15 16 16 
8 17 10 10 
3 7 10 10 
5 10 8 8 
7 15 7 7 
2 4 3 3 
47 100.0 100 100.0 
~ummary of the successes obta ined on the test. 
In considering the results obtained by the entire 
group as revealed in Table III, the scores of men were consis-
tently higher throughout. It may be noted that eleven percent 
of the men were able to solve all problems correctly but not 
one woman was able to do so. Thirty-nine percent of the men 
secured eight or more correct answers while only nineteen per-
cent of the women did likewise. Twenty-five percent of the men 
had fewer than six problems correct whereas fifty-three 
percent of the women had fewer than six correct solutions. 
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TABLE IV 
PERCENT A CES OF INDIVIDUALS OBTAI Nil"'f G EACH SCOPtE ON BASIS 
OF I .Q. SC ORES AND AMOUNT OF ~14. T1IEJ'i.IJicTICS PREPARATION 
I.Q. 120-over I.Q. 110-119 I.Q. below 110 Total 
Problems Much Little Much Little Much Little 
Correct Math Math' Math Math Math Math 
,. M w M w M w M w M w M w M w 
10 ~ ~:t 11 0 9 7 2 2 2 11 9 
8 4 2 7 4 2 2 4 2 17 10 
7 7 2 2 7 4 2 4 2 2 2 19 15 
6 4 4 7 5 2 4 2 4 17 15 
5 2 2 2 11 2 2 4 15 
4 2 2 5 2 9 13 7 
3 2 4 2 2 6 6 10 
2 4 2 9 0 15 
1 2 2 2 2 4 
* M refers to Men W refers to Women 
In a further breakdown of this data, Table IV shows 
percentages of individuals obtaining each score on the basis 
of mental maturity and mathematics background. Again it may 
be observed that the scor es of the "Much Math" people are 
consistently superior to those in the same I.Q. bracket who 
are in the "Little Math" group. From this point forward the 
term "Much Math" will refer to those individuals who have had 
more than two years of mathematics preparation in high school 
and the term "Little Math 11 will refer to tho se who have 
1 studied two years or less • 
..=- - . - ----·-
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Consideration of successes and difficulty of the problems. 
Tables V and VI reveal marked differences in the 
degree of difficulty of the various problems. Figures in 
parentheses also show that students frequently follow paths 
which lead to incorrect answers before arriving at solutions 
which are correct and acceptable to them. 
TABLE V 
PERCENTAGE OF SUCCESSES ON EACH PROBLEM 
Problem 
Number Percents of Successes 
Men Women 
1 56.6 (17.0)** 34.0 ( 4.2)** 
2 96.3 ( 5.7) 83.0 ( 8.5) 
3 30.2 ( 3.8) 25.5 ( 8.5) 
4 73.5 (13.2) 78.7 (21.3) 
5 77.3 (15.1) 55.3 (12.7) 
6 60.4 ( 1.9) 55.3 ( 4.2) 
7 75.5 ( 7.5) 55.3 (12.7) 
8 52.8 ( 7 .5) 31.9 ( 2.1) 
9 83.0 (15.0) 51.1 (10.6) 
10 71.7 ( 5.7) 48.9 (10.6) 
** Figures in parentheses are included in the totals which 
precede them. These indicate the percentage of pupils 
who se-cured incorrect answers but noted their errors and 
made necessary changes unaided. 
Referring to Table v, differences of twenty percent 
or more in favor of the men may be noted between the successes 
of men and women in Problems 1, 5, 7, 8, 9, and 10. 
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It is possible that Problems 1, 8, and 10, dealing 
with volumes, areas of triangles and rectangles might be more 
closely related to the experiences of young men. Likewi se 
Problem 7, which involves scale reading might conce ivably 
be more closely associated with the work of men. Their 
success on Problem 5, which many men solved by use of pro-
por-(.ion, and number 9 whi ch is one of "third-type" per cent-
age is less easily explained at this time. 
TABLE. VI 
PROBLEMS ARRAN CED IN ORDER OF DIFFICULTY 
' . AS EXPERIENCED . BY STUDENTS 
Order of Men Women Total 
Difficulty Prob.No. % Prob.No. % Pr'ob.No. a· ';0 
.L (least) 2 96.3 2 83.0 2 90.0 
2 9 83.0 4 78.7 4 75.0 
3 5 77.3 6 55.3 9 68.0 
4 7 75.5 7 55.3 5 67.0 
5 4 73.5 5 55.3 7 ' 66.0 
6 10 71.7 9 51.1 10 62.0 
7 6 60.4 10 48.9 . 6 58.0 
8 1 56.6 1 34.0 1 46.0 
9 8 52.8 8 31.9 8 43.0 
10 (most) 3 30.2 3 25.5 3 28.0 
Both men and women experienced the greate st difficulty 
with Problems 1,8 ,and 3 in the order listed. Problem 1 
involves volume and cubic feet, Problem 8 is concerned with 
=-=;ll 
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the area of a triangle , and most difficult of all, Problem 3 
which deals with finding the tax rate when given assessed 
valua tion and total budget. Problem 9 , "third-type" percent-
a ge was second in order of least difficulty for men but sixt h 
for women. On the other hand, women experienced less difficul t 
with Pr oblem 6(simple interest) than men and also fcund problem 
4(estimati ng the number of bushels when given total load in 
p ounds) to be less difficult. Women found Pr oblems 5,6,and 7 
to be of equal difficulty. These refer to r atio between two 
numbers, simple interest and scale reading. 
In Table VII on page 57 are listed percentages of 
successes on each probl em on the basis of mathematics prepar-
ation and I.Q. scores. 
In the "Much Math 11 gr oup, at the upper and middle 
intelligence levels, the percentages of men equalled or exceed-
ed those of women. In the group with I.Q. 120 up, this was 
so in eight of the ten problems; in the 110-119 group,in nine 
of the ten. However in the group below 110 I.Q., the percent-
age s of women exceeded those of men in six of the ten pr oblems. 
In the "Little Math 11 group the percenta ges of men 
equalled or exceeded those of women at every intelli gence level. 
In the two upper groups,120 and up,and 110-119,this occurred 
in seven of the ten problems,while in the g.coup below 110 it 
mas the case six times out of ten. 
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TABLE VII 
PERCE:N'I'!~ GES OF SUCCES ~:'ES o=·- EAC:-:I P:?'OBlEM ON EASIS 
OF f./LATH P::-.EPAR~TION AND SCO:!:'ES OF r ·rr ELLI CET:CE TEST 
Tvi:uch I·ft8. t h Little lvlath 
Group Group 
Problem I . Q. Scores I . e;~ . Scores 
120;!s 110- Below 120;:;. 110- Below 
up 119 110 UD 119 110 
Men 70 . 0 60 . 0 80 . 0 33 . 3 50 . 0 50 . 0 
VI omen 37 . 5 57 . 1 33 . 3 28 . 6 36 . 4 8 . 3 
Men 100 . 0 86 . 7 100 . 0 100 . 0 100.0 100 . 0 
'Nomen 87 . 5 57.1 66 . 7 100 . 0 91 . 0 83.3 
Men 46 . 1 46 . 7 40 . 0 0 0 10 . 0 
7on:Jen 37 . 5 28 . 6 66 . 7 16 . 7 0 33.3 
Ivien 92 . 3 86 . 7 80 . 0 100 . 0 28 . 6 40 . 0 
';'T or.: en 100 . 0 71.4 100 . 0 83 . 3 72 . 7 66 . 7 
Men 100 . 0 80 . 0 60 . 0 66 . 7 71 . 4 60 . 0 
\'Jomen 62 . 5 71.4 100. 0 66 . 7 45 . 5 33.3 
f.Ien 77.0 53 . 3 60.0 66.7 42 . 9 60 . 0 
~s omen 100 . 0 42 . 9 66 . 7 83.3 45 . 5 25.0 
Men 100 . 0 93 . 3 60 . 0 100.0 71 .4 20 .0 
Y. omen 100 . 0 71 . 4 66 . 7 66 . 7 36 . 4 25.0 
I'.'Ien 77 . 0 66.7 40.0 :33.3 ~2 . 9 0 
•_iT omen 6 2 . 5 71.4 33 .3 33.3 9.1 8.3 
I:.Ien 84 . 6 93.3 60.0 100 . 0 57.1 so.o 
V.Tomen 75.0 57.1 33 . 3 83.3 18.2 50.0 
Men 100 . 0 80.0 60 . 0 33 . 3 71 . 4 40 . 0 
~''om en 75.0 57.1 100 . 0 83.3 27 . 3 16.7 
Average: 
Men 84 . 7 74.7 
v.ru" en 73 . 8 58.6 
64.0 
66 . 7 
63 . 3 
64.5 
53 . 6 
38.2 
47 . 0 
35.0 
57 
58 
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In comparing the percentages of the "Much Math" groups 
with the corresponding scores of the "Little Math11 groups for 
both men and women, in 78.3 percent of the cases, higher scores 
were achieved by the "Much Math" group. 
Probably the greatest variability appears in the 
percenta ges of the women in the ttMuch Math" group . Here it 
may be observed that in six of the ten problems,the percent-
ages of the group below 110 I.Q. are higher than t hose in the 
110-119 group. Averages also appear higher for the lower group 
being 66.7 percent for the group below 110 I.Q. and 58.6 per-
cent for the 110-119 group. 
@alysis of techniques used and errors made in. each problem. 
Problem 1-- A farmer's water trough is 
8 feet long 4 feet wide and ~ feet deep. If 
you allow 7~ gallons of water for each cubic 
foot, how many gallons of v~ater wilL the 
trough hold? 
In observing the frequencies appearing in Table VIII, 
pa ge 59, a few points may be noted. The drawing of diagrams by 
men seemed mostly to be a habitual response and was probably 
an unnecessary step. Several women in the failure group drww 
diagrams also and labeled sides but t h is seemed to be a dally-
ing action which did not really aid them to obtain a correct 
solution. Also four of them wrote down all given figures 
I be:fore starting,claiming that this aided them in solving. 
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TABLE VIII 
I 
C0~.T AR~S0I:I OF TEC'~~· rJ ""2T ..__,S K ~T'LO~lED I N SFCCESSES 
AT'"fD p p._r C":PS S'CClT:ED BY ALL c: TPS I .l'T :?f , BLE: : O~'E 
Su ccesses Fai l ures 
Much Lit tle To- Much Litt l e To-
Technique r'Tath I•.~ath t a l r ..rath :Math 
!.lL.. M L u M L u M L u M L 
-Di.::>Er?.m 
Men 2 2 4 1 1 
Women 1 1 1 1 2 
ormu1 a 
Een 4 5 1 2 12 1 3 1 2 
\'!omen 3 1 1 1 6 2 1 
Pattern 
Recall 
Men 
n omen 1 1 1 1 
rJ ord cue 
~~en 4 5 4 1 1 2 17 3 3 2 1 5 
nom n 3 1 2 2 8 3 2 2 2 3 
1-'ue ss i n g: 
Men 1 1 1 2 
\'! omen 1 1 1 3 1 1 5 
J..Te nt a l 
Comp_._ 
Men 6 8 2 1 2 3 22 4 5 1 
''!omen 2 2 1 5 2 2 
Reche ck 
I\~ en 2 L!. 2 1 9 2 1 1 
''T on en 1 1 2 1 1 1 1 1 
Tota l No 
Men 9 9 4 1 2 5 30 4 6 1 2 5 5 
' ~J omen 3 4 1 3 4 1 16 5 3 2 3 7 11 
. 
- - -. *P.Ef'!• 'E:S TO--Intelll[ence c.la ss--Upper ( t ·) , thddle (M) , Lo .rer 
(L ) 
tal 
2 
4 
7 
3 
2 
14 
1 2 
3 
7 
10 
4 
4 
5 
23 
31 
59 --=----
The formula was used most successfUlly by men in the 
"Much Math" group. The most common cue word was "cu.ft." which 
meant multiply and was generally employed more frequently than 
the formula. Pattern recall refers to those fe\'l who "just 
seemed to remember the way we always did them'' and similar 
responses. Men were more likely to compute mentally in the 
first step but only one actually solved the problem entirely 
by the mental process. Men in the tt:Much Math" group rechecked 
most f'requently, probably because they were able to sense 
their first answers were not reasonable. Estimation of a 
reasonable answer was practically a non-exis t ent technique. 
In the second step,the clue was the words "how many" and this 
seemed to serve both for those who obta ined the correct sol-
ution by multiplying and the many who t h ought that 11how many" 
meant they should divide. 
Since some pupils employed more than one process or 
technique,totals in Table VIII and the comparison tables \mich 
follow may not correspond with the total number of pupils. 
Table IX on page 61 lists and analyzes the variety of 
incorrect responses given in attempt J_ng to solve Problem One. 
Twenty-three men and thirty-one women did not solve it correct 
ly. The most frequent error made by both men and women was in 
the second step. 39.1 percent of these ~en and 32.3 percent 
of the women divided instead of' multiply ing to f'ind how many 
gallons the trough would hold when they knew there were seven 
and one-half gallons in each cubic foot. If there had been 
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TABLE I X 
I 
I 
LIST::JTG AND ANA!_,'~SIS 0!? ERRORS I N PROBLEJVI ONE 
'---------------------------------------------------------------------
1 
I 
No.of 
Responses times 
1 --r6-:(plus ) 9 
I 
9.3 1 
49 . 75 1 
I 150 1 
1 60 1 
I
. 449 1 
4920 1 
592 . 5 1 
450 1 
515 l 
310 1 
360 1 
96 1 
225 1 
709 .5 1 
Total 23 
10. (plus ) 7 
12 . 7 1 
I 7 2/3 1 
i 13 . 6 1 
599 1 
22 6/7 1 
449 l 
625 1 
525 3 
65 1 
60 1 
240 1 
108 .75 1 
208.75 1 
99 1 
None 8 
Explanatlon ot· error 
Di vided. s econd step inste<J.d of mul tip1.ying 
Comp . error step one--wron g process . 
Divided by 12 to find cu.ft. 
Divided by 4 to find cu.ft . 
F.rred 1.n multiplying mixed decimal. 
II II II II II 
II 
II 
II 
II 
II 
II 
rr 
II 
Copied number incorrectly. 
Erred i n addition . 
" II 
• 
Multiplied by 1~ instead of 2~- . 
Multiplied mental ly by 11 inste :o.d of 2~· . 
TV'ultiplied 80 by 7 and got 56 . 
Erred in menta l multiplication . 
Erred i n method and in multiplication . 
Divided second step i nstead of mul tiply. 
Comp . error first--wronr process seco·.x~ ste1 
II II II II II II 11 
II II II II rr II II 
Multipli ed and divided by three . 
Method col~rect--mul tiplied by 2/7 not 7~ . 
Erred in multiplying. 
II II II 
rr 
II 
II 
II 
rr 
rr 
II 
II 
rr 
Omitted multiplication step . 
Added i n step one to find volume . 
II II II II II II II 
rr rr rr rr rr II II 
Could n ot con~lete for vari cus rea sons . 
. 
• 
Total 31 
__j_=--------
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more rechecking , it is very likely that many of these i ndiv-
iduals would have discovered their computational errors. 
Actually 43.5 percent of the men and 29 percent of the women 
employed the correct methods but erred in computa.tion and 
this occurred most frequently in the multiplication process. 
25. 8 percent of the women could not bring the problem to any 
solut i on. In all these cases, percentages are based upon the 
number of individuals who did not secure the correct answer. 
Problem 2-- The Boys' Club swimming pool 
is 75 feet long and 30 feet wide. How f·ar 
does Jack swim if he swims twice the length 
of the pool every day for a week? 
This is an unusually easy problem inserted mainly to 
see to what extent college people will solve mentally easy 
problem s , and also to note the effect of including irrelevant 
material in a problem. Here, of course, the unnecessary infor 
ma t ion is t,he width of t h irty feet. In the success group, 
eight women and seven men mentioned the f act that unnecessary 
inf·ormation wa s given while all others ignored it. Four women 
in the non-successful group made use of this informa tion, 
usually b y adding length to widt h and then multiplying . It was 
interesting to note that for t y-three men and thi rty-six women 
thought of the problem as 150 multiplied by seven, while only 
seven men and three women multiplied 75 by 14. 
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I TABLE ,r j'.. 
I CO:~·IPAR:': SON OF TECHNIQUES EI·.'~PLOYED I N SUCCESSES I l ll'TD Ff.I LU:r=-ES SECl.BED BY .1\LL cr.OUPS TN PI"·.OBLSM T•.·-o 
I 
I 
I Successes Failures I 
I Much Little T'o- Iviuch Little To-
I Techni que Math l\<Iath al Math Mat h t a l 
II 
*U M L u M T u li1I L u M L .LJ 
Diacram 
:Men 1 1 1 3 
Women 1 2 3 1 1 
List da ta 
given 
Men 1 2 3 
17om en 1 2 l 4 
Word cue 
Nen ~3 13 5 3 7 10 51 2 2 
1:\fomen 7 4 2 6 10 lC 39 1 3 1 2 7 
Mental 
COE1J2 . 
I Men 10 8 4 2 6 6 36 2 2 Women 3 2 0 3 4 4 16 1 1 2 
I 
I 
Recheck 
Men 1 2 3 
I ''.:oelen 1 3 4 
I 
Total No . 
Men 13 13 5 3 7 10 51 2 2 
V! omen 7 4 2 6 10 10 39 1 3 1 1 2 8 
I 
* 
Refers to I ntelligence class--Upper (U), Middle (IVI), Lower I 
I ~ (L ) 
I 
I 
I 
I 
!I 
lj 
II I 
Table x, page 63,shows that even on this easy problem, 
four men and three women set dovm given facts before starting 
work. 71 percent of' the successful men solved either wholly 
or pe.rtially by mental computati on while only 41 percent of' 
the women did so. However,while thirty-six men used mental 
computation, only fourteen solved it completely by t his 
process. It seemed easy to multiply seventy-five times two 
without writing it on paper but most of' them preferred to 
set down the figures 150 times seven. Few took the trou ble 
to recheck their work. 
TABLE XI 
LISTING AND ANALYSIS OF ERRORS IN PROBLEM TWO 
Responses 
150 
875 
2150 
1350 
770 
1500 
980 
1470 
735 
31,500 
No.of 
times 
l 
1 
2 
l 
l 
1 
l 
1 
1 
1 
1 
8 
Men 
~xplanation of error. 
Did not complete. 
Erred in mental multiplication. 
Women 
Multiplied 75 by 30--did not complete. 
Error in mental multiplication. 
Error in multiplication. 
II II II 
1-1 n II 
Added width. 
Added. width and omitted second step. 
Multiplied length and width. 
In 50 percent of' the cases of' both men and women the 
method wa s correct and error was in multiplication. Better 
==-~=~=========================================~=-=-=======9f== -== 
recheckin8 habits might have cut t t ,ese. Women had a greater 
var i ety of responses than men but no single answer occurred 
more than once. 
Problem-3-- Find the tax rate for each $1,000· 
when the assessed valuation of the tovm is 
$3,500,000 and the total budget is $140,000. 
This proved to be the most difficult problem for 
men and women alike. The words "Find the tax rate" served 
as the clue to division in several cases as shown in Table 
XII, page 66, in both success and failure groups, so many in 
the lat ter group took the two mentioned and divided. 
Guessing is admitted a lmost equally by men and women 
in both brac ~ets, but it must be assumed that those in the 
success group had some insights which permitted them to guess 
intelligently. Actually the amount of guessing in this pr ob-
lem, or any of them, must be great er than reported. Only 
guessing whi. ch is admitted · or which is obvious f'rom observing 
the meaningle ss manipulation of numbers is listed under this 
heading. The use of short cuts is limited to the crossing 
out of zeros to permit deal ing with smaller numbers in divis-
ion. This is largely a technique of the "Much Jl.1ath" group. 
vVhere used by the group which secured incorrect answers, it 
often pr oduced errors due to placing the decimal point in the 
. wrong place in the quotient. A comparatively small number of 
successful people took time to recheck while most seemed more 
-...:=.-=-==ll=t= 
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TABLE XII 
I 
GOi'.~PARISOT\T OF TECIIl'ri~U::=S EMPLO'YED IN SUCCESSES 
.AJ'ID FAIL1JRES SECl!PED BY ALL GROUPS II\T PROBLEM T'-I::EE 
--
-Successes Fai l ures 
Mu ch' Little To- Much Little fio -
Technique Math Math tal Math Math wal 
*U M L u M L u 1-JI L u 111 L 
I 
Formula 
Men 1 1 2 
V'!omen 
I Patt ern 
I 
Re call 
Iden 2 2 
I 
.:·! omen 1 1 
\'lorc1 cue 
I.Ten 2 5 2 9 2 3 1 1 2 5 14 
\!!omen 2 2 4 1 2 2 3 3 11 
GJ.es s i i1£'-
}.I en 2 2 4 8 4 3 2 2 11 
I 
';.rom en l 2 2 1 2 8 3 2 1 3 4 13 i 
I 
Mental 
Comp_._ 
Men l 1 2 
I 
'.·:omen 2 2 i 
Short cuts 
]..1en 5 2 7 3 3 2 8 
''Tom en 3 2 1 l 7 2 1 l 4 
I Rechecking 
I I /len l 2 3 
' 1
.' iomen 1 2 1 4 
*Refers to Intell igence clas s--1.Jpper (U) ' Lovrer (E) Middle -") ,N" 
I I 
I 
I 
I 
I 
! 
I 
I 
II 
I 
I 
eager to escape from a distressing situation. 
During the interview, many indicated they did not 
understand the terms ''total budget" and 11 assessed valuation" 
and when asked to tell the rates in their own communities 
were unable to do so,nor could they give a reasonable estimate. 
Seven men and four women felt that the incorrect answer·s they 
gave seemed reasonable to them. 
From Table XIII,page 68, it may be observed that the 
most frequent errors resulted from dividing the valuation by 
the budget as 54 percent of the men and 17 percent of the women 
followed this procedur e. A vari ety of errors in pointing off 
may be noted in the table ranging from $25.00 to 25% to .025. 
Thus the division process appears to be associa ted with finding 
a rate, a s is also the idea that one must divide a small number 
by a large one. Many lost sight of the fact that they must 
know how many thousands in order to find the rate for each. 
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TABLE XIII 
LISTI NG Al.JD J.JTALYSIS OF EFEORS I N. PEOBLET<i1 THP..EE 
Re suonses 
3 , 640 ,000 
3 ,360 ,000 
32 . 29 
80 . 0,0 
25% 
21 . 23 
140 . 00 
3 , 500 
25.00 
50 . 00 
• 025 
2 . 5 
None 
3640 
3 , 640,000 
3,360,000 
• 277 
3 , 360 
28 . 5% 
74 . 
140 
350 . 
3 , 500 
25 
2~--7-~ 
35 . 00 
• 40 
None 
No . of' 
times 
1 
1 
1 
1 
2 
1 
2 
1 
14 
1 
1 
1 
9 
36 
1 
1 
1 
1 
2 
1 
1 
1 
2 
2 
4 
2 
1 
1 
14 
35 
ExDl anation of' errors 
Added budget to total valuat ion . 
Subtracted budget from t ot a l valu·ition . 
Divided by budget--el.:.red in cooputation . 
Guessed but c ould not sa;· why . 
Divided total va lua tion by budget . 
Divided valuati on by budget--comp . err'or . 
Divided budget by 1,000 . 
Con :ft1s ed on 11 t otal budget 11 did not comp . 
Divided tot a l valua tion by budget . 
Gbessed . 
Divided valua tion b y budget • 
11 II II II 
Unable to complete . 
Women 
Added budget to valuation- divide b y 1,000 
Added budget to valua tion . 
Subtra cted budget f'rom tot a l va lua.tion . 
Divided 1,000 by 3640 • 
Subtract budget from valuation and div j_d e 
Divided 1 , 000 by 3 , 500 . 
IVIe.nipula ted numbers--guessing. 
Di d not complete--erred in multiplicati on 
r~ental c omputation . 
Di d not complete . 
Divided total valua t ion by budget . 
II II II ll II 
Used est i mated f igures and worked backv'i 
li.Iethod c o:cr ect--error in pointin t: off • 
Unable to c ori'plet.e . 
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Problem 4-- A truck is carrying 3404 lbs. 
of shelled corn. If there are 74 lbs. in a 
bushel of shelled corn, how many bushels of 
corn is the truck car~-ing? (Select one) 
1. 46 3. 19 5. -37 
2. 258,556 4. 53 6. 3568 
In this situation there are given six possible answers 
to the problem. Here everyone was required to select the 
answer by computing mentally without access to pencil and 
paper. There is no way of ascertaining how much of a clue may 
be derived from the six possible answers. It may be that the 
predominance of small numbers may suggest the division pro-
cess. 
'lf.hile not indicated in the table, it was observed that 
sixty-seven percent of the men and eighty-one percent of the 
women in the success group mentally decided that the answer 
had to begin with four by observing that " seven goes into 
thirty-four less than five times". Fifteen percent of the men 
concluded that the final number had to be an even one since 
the last number in both given numbers was four. None of the 
women mentioned this type of thinking. One man in the "Much 
Math" group, upper intelligence level, suspected a trick in the 
wording of the problem. 
Table XIV, page 70, reveals that the two most signif-
icant clues were those of word and number. "Word clues'' refers 
to those who decided that the words "how many bushels" decided 
the process,and "number clues" includes all who said that when 
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TABLE XIV 
co= ror '.=--IS .~lT OF TECH:~I';lD""E S K =PLO~'ED DJ SUCCJI: 2SES 
AFD F.".ILUT'ES SECl.CED BY ~'e LL G"'OGPS I N P .r OBLEiv F' ·-.Un 
u e 
.\ Tech ni'.:J 
i:Iord cl 
: !~J~~en ue 
I 
*U 
5 
3 
Nu rn er clu e 
Men 8 
\:'.'on en 5 
~limi ·1a 
!.~en 
T.7omen 
tion 
gue~sinf 
!•Jen 
~ ·Jor'l en 
I 
J...~ental 
Comp . 
r.:ren 
'.''!omen 
1 
1 
13 
8 
in . 
4 
1 
IO • 
13 
Huch 
I•!Iath 
M 
6 
l 
7 
0 
'-' 
l 
13 
5 
1 
1 
13 
5 
-
Successe s 
Little 
I /l'.1 th 
-L u 1~ L 
1 1 2 
2 2 3 6 
3 2 2 1 
l 3 4 3 
l l 
1 
1 
2 
4 3 2 4 
3 5 8 8 
1 1 
1 4 3 
4 3 ,.., 4 c:, 
3 5 8 8 
F·ailures 
To- Much Little 
tal Math IViath 
u L1 L u rT L 
1 5 1 2 
17 2 l 1 4 
23 3 3 
18 
4 1 
1 1 1 
2 
2 2 2 
39 2 5 6 
37 2 l 1 2 
7 
10 
39 2 1 5 6 
37 2 1 3 4 
To-
tal 
3 
8 
6 
1 
2 
4 
13 
6 
14 
10 
* Re:fer s to Inte l i i g';ence class- Upper (U) I•:l iddle c·n . . l ' Lower (L ) 
!---=============================================== 
I 
\I 
II 
II 
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a total is given and also the number of pounds in one bushel, 
one had to divide. A few went through an elimination process, 
and guessing was mentioned infrequently. The success group 
had several instances of rechecking while the failure group 
reveals none. Possibly the fact that several choices of 
answers ar e mentioned is responsible for this because those 
whose method was cor rect but computation in error wer e able 
to detect it more readil y. 
TABLE X)! 
LISTING AND ANALYSIS OF ERRORS I N PROBLEM FOUR 
No.of 
Responses times 
53 3 
353 1 
37 4 
3568 1 
258,556 1 
19 1 
464 1 
None 1 
13 
Men 
Explanation of error. 
Approximated--looked reasonable--74 near l 
Must have misread the problem. 
Approximated mentally- 12 74's in 1,000. 
Claimed to be eliminating all others. 
Multiplied to f i nd "how many" bushels. 
Claimed to divide 74 into 340. 
Misread the problem. 
Claimed could not do without wri t ing. 
Women 
37 
258,556 
19 
53 
2 74 about i of 100--compared to 1,000. 
4 The words "how many" mean multiply. 
2 Glessing--no evidence of mental thinking. 
2 Admitted only guessing. 
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II 
li 
'I 
In Table XV, pa ge 71, only one man erred in multiply-
1! ing whereas four women interpreted the words "how many" to 
\1 suggest that process. The 53 and 37 answers indicate that 
I 
I 
I 
I 
I 
II 
eleven individuals were approximating without attending to 
exact numbers. 
Problem 5-- If a strip of cloth 36 inches long 
will shrink to 33 inches when washed, how long 
will a 60 inch strip be after it has been washed? 
Generally men found this problem easier to solve than 
did the women. By observing Table XVI, page 73, it may be 
noted tha t men in the "Much Math" group are about equally 
1 divided between use of proportion and dependence upon a word 
cue. Women in both groups seemed to get cues more frequently 
from the wordi ng of the problem. That is, they decided they 
must find the r ate of shrinkage and this is found by dividing. 
It was interesting to note that in only two situa tions did men 
I solve by use of decimals,wherea s six women preferred to use 
1 decimals instead of fractions. 
I "Combined methods" in all cases except one refers to 
\ a combination of estimation and equation and was observed only 
among men,chiefly in the "Much Math" category. 
I 
Those who solved it mentally noticed quickly that the 
Irate of shrinkage was one inch to every foot and since the 
!material was five feet long, the shrinkage must be five inches. 
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Mental computation was employed l a rgely by the success group. l~ 
T,ABLE XVI 
,CmL ARISON OF TECHNIQUES ErJPLOYEI IN SUCCESSFS 
Al'ITJ FAILURES SECI.J~:ED BY ALL Gr"OUPS I N P20BLEivi FIVE 
I 
Successes Failures 
Much Little To- Much Little 
Technigu~ l\:Iath Math tal _Math Math 
>!<TJ M L u M L u M L u H L 
Egua tion 
Men 6 5 1 3 15 l 
'!Tomen 2 2 2 2 l 9 l 1 1 
I!Tord cue 
Hen 5 5 1 3 3 17 2 1 1 3 
~ '! omen 3 2 1 <) 6 4 3 15 2 l 1 l 4 
G.1ess ing 
I"! en 1 l 2 2 1 1 2 
\'omen 1 2 3 1 l 4 4 
Combined 
l;:Tet hods 
I~~ en 2 2 2 2 0 
"~;'!omen 
Mental· 
ComJ2 . 
Men 'I 7 1 4 2 21 1 l 
·Jor.'ien 4 4 1 3 '"' 3 17 l l 1 1 2 c:. 
Shortcuts 
I'.1en 2 1 1 4 1 
\'!omen 2 1 1 4 
F.echecking-
I· ..~ en 2 2 3 2 l 2 12 1 1 l 1 
\}omen 2 1 2 1 6 1 1 3 2 
Est l u.Jat..t. en 
Men 2 2 3 7 1 1 2 
Women 1 2 1 4 1 1 4 7 
Totals 
Men 13 1 2 3 2 5 7 42 3 1 1 2 4 
Uomen 5 5 3 4 5 4 26 3 2 2 6 8 
To-
tal 
1 
3 
7 
9 
6 
10 
2 
6 
1 
3 
7 
4 
13 
ll 
21 
* 
Refers to Intelli o-enc e class--Upper (U) ' Middle (M) ' Lower 
(L) 
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Most estimation came from women in the failure group 
who could sense an approximate answer but could not manipulate 
numbers to produce it. Four women in the unsuccessful group 
mentioned the "ratio idea" but could not recall how to use it. 
More rechecking was evident in this problem than has 
been previously observed. From the nature of the problem it was 
probably easier to tell whether the answer was reasona ble. 
TABLE XVII 
LISTING AND ANALYSIS OF ERRORS IN PROBLEM FIVE 
Responses 
56 
No.of 
times 
2 
57 
56 2/3 
27 
53 
5 
6(almo st ) 
4~ 
None 
57 
56 
91.667 
6(almost) 
5 
63 
52 
54 
45 
44 
50 
3 
1 
1 
1 
1 
1 
1 
1 
12 
6 
4 
1 
1 
2 
1 
2 
1 
1 
1 
1 
21 
Men 
Explanation of errors 
Method correct--said 1/12 of 60 equals 4. 
Said shrinka ge same for any length. 
Method correct--said .shrinks 2 11 every 36". 
Subtracted 33 from 60. 
Method correct--computational error. 
u " -- did not complete. 
Estima t ed mentally--did not complete. 
It II II II II 
. 
Said didn't think. it could be solved. 
Women 
Said shrinkage would be same for any length. 
Estima ted 60 almost twice as large as 36. 
Method correct--did not complete. 
Estimated but did not complete. 
3" shrinks to 3' as 5 11 is to 5 1 --incomplete. 
Added 60 and 3. G.lessing. 
Much manipulation--errors in subtraction. 
Estimated. 
Misread word "f't." f'or "yd.". 
Stated proportion correctly--comp. error. 
Method correct--erred in multiplication. 
74 
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Table XVII shows approximately forty-one per cent of 
the men and twenty-four percent of the women whose methods 
were correct but who er red in computation or failed to com-
p lete the problem. Probably fewer unreasonable answers we r e 
reported in this problem than in any of the other nine. 
Problem 6-- How much interest will I have 
to pay on a loan of $700 for 90 days at 6%? 
~ Problem Six would be consider ed one of the easiest 
type o~\ simple interes t problems offering a chance to do 
mental aomputation and the use of vari ous short cuts. 
In Table XVIII, pa ge 79, it is revealed that only 
about one-third of both men and women in the success groups 
actually did any mental computation. The shart cut referred 
to here is the"Six percent-sixty-day method" which was more 
popular with the women but not employed either by men or 
women to any extent since only four men and seven women in 
the success group recalled it. Possibly women in Commercial 
Arithmetic classes may have had occasion to use this process 
more frequently than men. 
Approximately twenty per cent of both men and women in 
' t he success group employed the formula while in the fai l ure 
group, thirty-three percent of the women made use of a for-
mula but not necessarily the correct one. 
I A surprisingly large number of successfUl men and 
I women, fo r ty percent of' women and thirty-one percent of men 
=il~~=~========it===--==-== 
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TABLE XVI I I 
COMPARISON OF TEC--Il'JICr.1£S E!·IPLC"YED IN SUCCESSES 
.A..l\JD FAE.:U'~ES BY ALL Gf.:'UrS IN P:20BLEI·.'~ l'TU::.m::··E SIX 
Successes Fai lures 
Much Little To- Huch Little 
Technigue Math M:ath tal Hath Math 
*U M .. L u M L u M L u M 
Formula 
1\!Ien 2 4 1 2 7 1 1 1 
Women 4 1 1 6 3 2 
Pattern 
Recall 
ivien 3 2 1 1 2 1 10 1 2 l 3 
'.'iomen 1 2 1 3 " 2 11 1 1 c, 
i.'J orfL.£1!§. 
~.1en 3 2 1 1 3 10 l 4 1 
'.'!omen 3 1 2 2 1 9 1 1 1 
Guess i n.f:· 
Hen 1 2 3 1 l 
ifJoE1 en 1 1 1 2 
r.~tental 
Comp_._ 
·Men 4 2 3 l 2 12 l 1 1 1 
~:! om en 4 2 1 1 1 1 10 l 1 
Short cuts 
Men 3 l 4 1 
"·.ToPJ en 2 1 1 2 1 7 1 
Recheclcine: 
Men L1 2 l 1 8 1 2 
'/omen 1 1 1 3 1 
Totals 
Men 10 8 3 2 3 6 32 3 7 2 1 4 
YTomen 8 3 2 5 5 3 28 4 l 1 6 
* 
Refers to Intellig enc e class-- Upper (U) ' Middle TM) ' 
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To-
tal 
L 
3 
2 '/ 
2 9 
2 4 
6 
3 6 
2 4 
3 6 
l 5 
2 
l 2 
l 
3 
1 2 
4 21 
7 19 
Lower 
(L) 
reported under "pattern recall" they njust seemed to remember 
that is the way we learned to do it" and similar expressions. 
Under ''word cue" an equally large percentage replied 
tha t the word "percentu suggested the multiplication process. 
The most common procedure was to multiply $700 by .06 
and only a few set the example down in fractional form. Find-
ing the interest for a year seems to be a skill that most stu-
dents have mastered. Difficulties occurred when they tried 
to find the interest for the fractional part of a year. 
Successful men rechecked more frequently than women 
but only sixteen percent of the entire group made any attempt 
to recheck their work. Only one man expressed an estimate. 
Table XIX, page 78, reveals that twenty-five percent 
of men and eleven percent of the women who failed to get 
correct answers employed the correct method but erred in 
computation. It also shows that twenty percent of both men 
and women who were unsuccessful,failed to complete the problem 
and obtained the first step only. A great variety of other 
responses occurs once or twice only. 
Twenty men and an equal number of women failed to 
secure the correct solution to this problem. Two men and one 
woman added the interest to the principal and secured the 
amount. Responses of the women were generally more unreasonable 
than those of the men. 
77 
TABLE XIX 
LISTDTG AND .AJ,JAV-·SIS OF Er:R0~-3 IN PROBLEN SIX 
' 
Resnonses No . of Explanation of errors 
1 . 40 
742 
7 . 
2800. 
42 
735 . 
63 . 00 
168 
350 
11 . 13 
144 
4 . 20 
10.05 
5 . 4 0 
13 . 50 
1 05 
10 . 30 
Kone 
3780 
378 
44 .52 
14 
42 
742 
46 . 
7 . 
126 
5 . 40 
63 
63 
None 
times 
1 
1 
2 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
20 
2 
1 
1 
1 
4 
1 
1 
2 
2 
1 
1 
1 
2 
20 
IVJ:ul tiplied 700 by • 2 • 
F ound j_nterest fo r ye ~. r--added :;rinc ipal . 
First step in 6%-60 day met"hod . 
~1ultiplied pr i nc ipal by four . 
Found int er est for one y2ar . 
Multiplied $700 by . 06 and added . 
Tried to employ 6%-60 day method . 
r.;.:rultiplic d four times forty-two . 
I\~ultil;lied $700 by 1 . 5 and subtracted . 
l\tlethod cor rect- - comput at ion vvrong. 
Multiplice.tion error-then wrong proce s s. 
Found i nterest for year--e:cred in 9 oint . 
Erred i n copy ing num~:: er--mett:od c orrect . 
Multiplied 90 by . 06 . 
Method c orrect--error in mult i plication . 
" 
11 
-- error in pointL~g off . 
rr " -- error i n division . 
Did not knov.r where to be&rin . 
Women 
Found i nte:rest for ye2,r-multiplied by 90 . 
I1Tultiplied by 90--comput ::.tional error . 
Added 42 to 700 and multiplied by . 06 . 
V!ethod correct-divided by 3 instee.d of 4 . 
Found interest for one ye .:~,r--first step . 
Added interest for cne year to :r::· r~ncip::· . l . 
Claimed to be dividing 42 bs 90 . 
Meth od correct--took 1/6 inste-3.d of ~ . 
Multiplied i nterest f'or year by three . 
Niultip lied 90 by . 06. 
Tri ed to sol ve by 6%-60 day me t :1od . 
~.([ultiplied 42 by 1-~- . 
Did not know what to multiply . 
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Problem 7-- When the scale of a map is 
-i" equals 20 m.iles, how many miles apart 
are two towns that are represented on a 
map as 2 5/8ths inches apart? 
It was very surprising to find that only two men in 
the success group,and one man and one woman in the failure 
group considered the possibility of setting up a prop ortion 
for this one. Table XX,page 80, points out that other than 
for a considerable amount of guessing in the unsuccessful 
group of women,that most members of the group decided they 
must find how many quarters were in 2 5/8ths in order to 
solve, and that the words "how many" probably helped them 
decide the process. 
Approximately sixty-five percent of the men and 
forty-six percent of the women in the success groups engaged 
in some form of mental computation. Their thinking was that 
if one-four·t.h equalled twenty, then one inch must be eighty, 
two inches were one hundred sixty and beyond this point many 
set down their f i guring for the remainder of the problem. 
A few of the "Much Math" group who were successful 
estimated correctly. The same technique was employed by some 
in the "Little Math" group of failures possibly because of 
their inability to manipula te numbers to secur e what seemed 
like a reasonable answer to them. 
Despite a great variety of responses to Problem Seven, 
Table XXI,pa ge 81, indicates that 69.2 percent of men and 47.6 
percent of women used correct methods but erred in computation. 
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I TABLE XX 
I 
I c ,-·:~Ab.IS J\T OF TECBI:~'': . ES E= ·~PLC'iED IN sr-:-cc::-ssES 
I Al· F_!l_ILT:~.ES SEC -~-ED BY ALL CC:L "'UPS I ~'T PEOBLEI,: S:f.il"EfT 
I 
I 
I ·-
I - Successes Fa i l ures \fuch Little To- ?v1uch Little ITo-
Tec1":n-igue i'.Jath Math tal I;1ath Math tal 
*U M L u 1\1 L u l\II L u M _k_ ~· _, 
Formul§: --- --I 
I 
Men 2 2 1 1 
Vi orr:: en 1 1 
"Nord cue 
lVIen 9 14 3 3 4 2 35 1 3 2 5 11 
"..'! omen 7 5 2 4 2 3 23 2 1 4 4 11 
Guess in,c~ 
r.,ren 2 1 3 2 2 
":Jomen 1 1 1 1 3 5 10 
CornbL1ed 
I.'Iet,hod s 
Men 1 1 
I 
.,Jomen 
I }'.:~e ntal 
r Comp . I 
I tlen 7 9 2 3 3 2 26 1 2 2 5 \!ome n 3 4 1 3 1 1"' 1 3 1 5 _ G 
Short cut 
r..Ien 2 3 1 2 8 1 1 
-,:omen 
~echeckinp-
:;·.::en 4 3 1 2 1 11 1 2 3 
i:Jomen 3 3 1 1 1 2 11 1 l 2 
Es!-imat ion 
r.fen 3 l 4 2 2 4 .J.. 
'.'·.r omen 1 l 2 3 2 5 
I Tot8.1s 
~·.Cen 13 14 3 3 5 2 40 1 3 2 7 13 
~'Tom en g 5 2 4 4 3 26 n 1 2 7 9 21 c., 
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I 
I 
I 
II 
I 
I 
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TABLE XXI 
.LIST I ·_ (-' AND A ~-AL YSIS OF EFECl..S Il'J P?OBLENI SEVEN 
Resr onses 
205 
202~-
f O 
1 2-0 p lus 
203J. 
200 -5/' 
52~-
l 2_1~ 2 
840 
None 
110 
230 
16 
215 
52-l-2 
Ll.. l i<-
-'- - ,e:; 
360 
26i 
200 
1~ ~ 
220 
22 7/8 
1 2022 
160 
40 5/8 
50 
267 . 5 
161 
I\:' one 
No . o:f 
time- s · 
l 
l 
2 
l 
l 
l 
l 
2 
l 
2 
13 
l 
l 
l 
l 
3 
l 
l 
l 
l 
l 
, 
..!... 
l 
l 
l 
l 
1 
l 
l 
1 
21 
!=i:xpl a·ation o:f errors 
Careles s mental c ompu~ tion--me~ cd correct . 
Erred i n multip~~ ing~-method correct . 
Inverted ".;rrong number--method correct . 
Said 5/8t hs e~uals 20--method correct . 
Error in mult, ipl -"L1g--met;1 od correct . 
II II II !I II 
• 
Multiplied 2 5/8 by 20 . 
Er·red in mul tiplica tion--r!lethod correct . 
Omitted l ast step--method correct . 
Di~ ~ot complete . 
'.'!omen 
Error in a ddition--method c orrect . 
Error in mul tiplic 9.tio n- - method corr ect . 
II II -rt II II 
l\-Ient a l computa tiona l error--method c orr ect . 
Multiplied 20 by 2 5/8 • 
}iultiplied 2 5/8 by 20 • 
Fi &:ured 16 4 ' ths in 5/8ths-met hod cor rect . 
C~aimed to divide 2 5/8 into 20 . 
Failed to add 200 to 10-- rnethod c orrect. 
Cannot unde::. '::: tand--cl-::. i med to subtr9.ct . 
Erred in di v i sicn--meth od c or1·ect. 
Tried to so l ve b-:>' a l gebra . 
Erred i n multiplication--meth od correct. 
Guessing . 
Claimed to mtt l tiply 20 by 2 5/8. 
G'ue ssj_ng. 
~rred i n mul tiplyin.s·- - method correct . 
S::-. id 5/8ths less t han l and 2" equal s 160 . 
Forgot how to divide by f r actions . 
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Problem 8-- Find the area of a triangular 
flower bed if' each side is 20'' long, the per-
imeter is 60" and the altitude is 9''. 
Success in solving this problem depends largely upon 
knowing the formula f'or the area of a triangle. Actually 
this is an impossible problem because such a triang~e would 
need an altitude of' more than nine inches,however credit was 
given f'or responses of' 90 square inches. It also i ncludes 
the fact that the perimeter is 60" which is obvious as each 
s i de is 20". It was surprising that no one seemed to think 
it an unreasonably small flower garden. Two men in the "Much 
Math" group stated the problem was unreasonable as did one in 
the "Little Math" group,but only one woman in the "Much Math" 
group appeared to notice this fact. Eleven men in the un-
successful group admitted they were somewhat confused over 
the incl usion of' the unnecessary information and sixteen 
women did also. 
From Table XXII, page 83, it may be noted that the 
drawing of' dia grams is strangely enough a common technique of 
men who secured the correct answer and women who did not. In 
the first instance this is probably a habit with men who have 
had algebra and geometry but many of' the unsuccessful women 
were not aided by it. The correct formula was indispensable 
here as all except one man and one woman in the success group 
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.TABLE XXII 
COMPARISON OF TECHNI Q1JF S El\1PLO'CED IN SUCCESSES 
A"'ill FAILtiT .. ES SEC1"T'ED BY .4.LL ffiOTJPS IN FROBLEM EI GET 
Succ e sses Fai l ures 
Much Little To- Much Little 
Technia ue Nath Math tal :r:rath Math 
*U M L u M L u M L u :M 
DiagrE.rn 
Een 6 5 l 2 14 2 2 1 1 
Wor,en 2 ..... l 6 l 2 l l 7 ..) 
Formula 
Men 9 10 2 1 3 2 27 3 4 2 l 1 
v,:omen 5 5 l 2 1 14 3 2 2 3 5 
\.'·'ord cue 
Men l 1 
Vi omen 
Pattern 
Rec all 
',tien l 1 
'.: .r om en 1 1 
G.le s s i n £ 
11en 1 1 1 1 2 
Vl ornen l 4 
I.Jental 
Computation 
- Men- 8 7 2 l 2 1 21 1 2 2 1 1 
\.\~o rr. en l 4 l l 1 8 l 
Short cuts 
1Ien 3 4 7 1 
V!omen 1 l 
Recheckinp 
Een 3 l l 5 1 2 
1'.Tornen 
Totals 
~~en 10 10 2 l 3 2 28 3 5 3 2 4 
Women 5 5 l :_"---.g___ l 1 15 3 _g__ 2 4 1 ('1 '·' 
*T'efers to Intelli .§:enc e class-Upper (U ) ~·,fiddle n E) Lower(L) 
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To-
tal 
L 
1 7 
3 15 
1 1 2 
3 18 
3 0 
I! 1 0 -.~; 
7 12 
l 8 
1 
1 
3 
8 25 
11 32 
L 
stated the formula before solving. A formula also is part of 
the thinking of the failure group but all too often it is 
incorrectly stated. Approxima tely twenty-five percent of the 
men in the failure group either recognized a need for a formulc 
which was not at their disposal or used a wrong one. Forty 
percent of the women in t his group used an incorrect formula. 
Seven men in the "Much Math" group used shortcuts in 
their computation. Only a few scattered instances of recheck-
ing appeared. Such guessing as was reported was entirely 
in the non-successful group. 
Table XXIII, pa gB 85, shows a greater diversity of 
errors among men than among women, although women actually 
made a greater number of them. The process of multiplication 
seems well established in finding areas but several men and 
women made the error of using the perimeter in their figuring. 
The most common error of women was in failing to divide by 
two. Approximately thirty-three percent of the women either 
did not attempt or could not complete th i s problem as compared 
with t wenty percent of the men. 
84 
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TABLE XXIII 
LIS"I'I NG AJI-ID A\rALYSI S OF ERI'DES I ~0 :-n oBLEM EI G~ 
Resp onses 
5400 
9 
216,000 
135 
133 . 3 
360 
2000 
10 , 800 
45 
60 
89 
200 
1800 
1600 
180 
None 
540 
89 
267 
10 , .?8f 
200 
10,800 
1 80 
5400 
8000 
J'.Tone 
Non e 
No.of 
t i mes 
- ---
1 
1 
2 
1 
1 
2 
1 
2 
1 
1 
1 
1 
3 
1 
1 
5 
25 . 
4 
1 
1 
1 
3 
2 
7 
1 
l 
5 
6 
32 
Exnlanation of errors 
Multiplied side b y ~- peric eter by he ig~1t . 
Gue ssed . 
Multiplied ~roduct of 9~60 and 20 X 20 . 
M'] ltip lied 2 he i e)1t by ± perime ter . 
Squared t vvo sides and divided by t hree. 
l\·fultiplied he i ght b :y' two times le~1&.th ( sid~ 
Multiplied perimete r . by side-divi de by 12 . 
lfultip li ed one side by perimeter b~ altitu 
Error i n computa tion--method c orrect . 
II II II II II 
Took squ~re root of 800 . 
Mult iplied t ·ro sides and divided by t wo. 
JVIultip l j_ed sides by 1-1e i ght and d iv ide b y 2 . 
II I! II II II II II II 
Ivlu l t,iplied peri met e r by tbre e . 
Fou r did not a ttempt--one did not couplete . 
Vi omen 
- --
Multip lied p er i r:Jeter b~/ height . 
.Added all [:iv en numbers . 
Ad ded a ll gj_v en numbers a nc. multipl ied. 
Mu l tiplied one side by per•i rneter ~.nd hei e:ht 
Hul tipli ed t vvo sides and divided b y t wo . 
Mu l t j p lied s i de by pe r i meter a.nd a lt itude . 
Negle cted to d i vide_ by t wo a ft e r· mult i p l y . 
:0/Iultipli ed side by ~ perimeter b y hei£h t . 
r1ult5~-;l iec product of t wo sides b y tbird . 
Dicl not attempt. 
Di d n ot c omplete. 
85 
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Problem 9-- If I missed three problems on 
a test but did 85% of them correctly, how many 
problems were there on the test? 
'l'his is commonly called a "type-three" percentage 
problem which involves finding a number when the percent is 
given. The major difficulty was in .seeing that if one missed 
three problems that wa s actually fifteen percent of the total. 
Not more than four students in the entire group interviewed 
said they ever thought of' or had ever heard of "types" of 
percentage as they are sometimes called. 
Table XXIV, page 87, indicates that only one man in 
the "Much Math" group used an equation where five women in 
both successfUl and non-successfUl groups preferred to solve 
by that procedure. On ·~he other hand the formula which con-
sisted of setting up a pro portion was more popular with men 
in the success group. 
"Pattern rec3.ll" refers to those whose responses were 
"Seems like we have done so many of these," and "This is how 
we did in high school" and the like. 
The words" now many" and "percent" of'!·ered the clue to 
64 percent of the men and 48 percent of the women in the 
success group. 
86 
GUessing consisted o~ the elimina tion process, matchin~ 
numbers and setting down several combinatlons of numbers. This 
latter was identified mainly with women in the non-success 
group. 
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TABLE XXIV 
COHPARISONS OF TECHNIQUES EMPLOYED I N SUCCESSES 
AND FAILLY.'ES SECUT:ED BY ALL GROUPS I N PROBLF~1I NEill 
-
-Successes Failures 
Much Litt l e To- Much Little 
~,echn i aue Math Math tal Math Math 
*U M L u M L u M L u M 
;gguation 
Men 1 1 
Women 4 1 5 2 1 1 
Fo-rmula 
Men 3 1 1 2 7 2 1 
1:Jomen 1 2 
Pattern 
Recall 
Men 1 3 1 2 1 8 
Vi omen 1 1 1 
vrord cue 
I\Jlen 6 9 3 2 2 6 28 1 1 1 
vromen 2 2 1 3 2 1 11 
G.lessing 
Men 
'."."omen 1 3 4 1 1 1 7 
Mental 
COmJ2 . 
~1Ien 7 10 3 3 3 5 31 1 1 1 
T.'J omen 3 1 3 2 4 13 
Rechecking 
r.,Ten 2 1 1 1 5 1 
\.Ion~en 1 1 1 3 6 1 1 
Estirr:ation 
Een --r 1 2 
vromen 3 1 2 6 1 2 5 
'I'otals 
l'Jien 10 14 3 3 5 9 44 2 1 2 3 
To 
ta 
L 
1 5 
3 
3 
1 
3 
1 1 
3 13 
3 
1 1 
1 
<"' 
c:. 
2 1 0 
1 9 
Yi omen 6 4 1 4 2 6 23 2 3 2 2 9 6 ~ 
Upper ~u) r·Hddle Lower ill 
* 
Refers to Int.elli gence class- I\.1f) 
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I 
:J 
I 
I 
I 
I 
l 
T_.v3LE XXV 
LI ? TI'JG [ liD Af\TAL'rSIS OF E:SRO~S Il\T PROBLEN! J.Tr~ 
ReSJ2onse s 
17 
15 
5 
11 
500 
10 
JTone 
13 
15 
88 
64 
15 
2 5.:: 1/3 
100 
• 035 
3 . b 
25 
6 2/3 
10 
9 
1 2 
l'Ton e 
J o . of 
t ime s 
2 
1 
1 
1 
1 
1 
2 
9 
1 
1 
1 
1 
2 
3 
3 
1 
1 
1 
l 
2 
1 
1 
4 
24 
Exp1e.na ti on of· e r·rors 
Meth od c orrect--did not comple ·t,e . 
Error in proportion. 
Did not rea.d c o'r1 ·ectly to see wh=. t to find. 
C:hessing. 
Sa id 1 is 5% and multip~ied by 100. 
C .e ssed . 
Made no attempt. 
G-uessed . 
II 
Added 85 and 3. 
C-ues sed . 
Pfult iplied .15 by 100%. 
Divided 85 b y ~ . 
Cuessed • 
Divided 3 by 85 . 
II II Tl II 
GUessed. 
Divided 100 by 15. 
CUes sed . 
Erred in so1vin~ equ.ation . 
Erred i n proporti on . 
Did not co mplete. 
88 
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1 70 percent of the men and 56.4 percent of the women 
1~ in the success groups were able to solve by mental computation. 
A small amount of rechecking was indicated among 
several men and women. Estimation was almost entirely 
associated with women, especially -Ghose who were not success-
ful and who could not see how to obtain a reasonable answer. 
Table XXV on page 88 reveals that the problem pre-
sen1.ed considerably more dif.::c icul ty for women than men. The 
division process seems reasonably well associated with percent-
agB problems. Women frequently manipulated the numbers eighty-
five and three but no other pattern of errors is eviaent. 
Table XXVI on page 90 shows that the most instances 
of drawing diagrams were with women who were not successful 
in obtaining a solution. 
Men and women alike, especially in the "Much Math" 
group seemed to find the formula helpfUl in findi ng area. 
By far the most frequently mentioned clues were the words 
"square feet","square yards" and "find the cost". 
Guessing was limited to a few women in the non-success 
group of "Little Math". 
No mental computation was evj_dent in the non-success 
group but was evident in the case of fifty percent of the 
successful men, especially in the "Much Math 11 group. 
The most common short cuts were changing to square 
\ ya rds first before computing,and combining material and labor 
T ,I 
I 
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TABLE XXI/I 
I 
COF PAP..ISON OF TECH'\fi~UES EIIPLO-~""EI I N SGCCES ES 
AIITD FAI LUI='E<:: ~'3CtrED BY ~l!_LL GROUPS I N f'f. OBLE .I TEliT 
= Succ esses Failures 
Much Little To..- Much Lit-c,le 
rre c1m i .. ::m e ~.Iath Hath t a l Math I.Ia th 
*U M L u li L u ~-~ L u M L 
D i a E. r ::'-m 
?.~en 1 1 1 1 
':J o~n en 1 1 1 2 1 2 
Formula 
Hen 5 5 2 1 1 11 1 1 1 
'.'!omen 4 1 2 1 1 9 1 1 
T.'I IT' d cue 
IIen 7 7 3 1 4 4 26 2 2 l 2 5 
'.'·iomen 2 2 3 3 2 1 1 3 2 2 1 4 9 
GUess i n g 
I.Ien 
1J ornen n 1 G 
Yi:ental 
Cor.l:Q . 
~· .. I en 9 5 1 3 1 19 
~'I omen 1 2 1 1 1 6 
Short cuts 
Hen 5 7 1 4 1 1 8 1 
':Tomen 3 1 1 5 1 
Re ch e ck i np 
r.~en 3 1 1 1 6 1 
Wor.1 en 1 2 1 1 5 1 3 
Est i ·--:a t i on 
Men 1 
··: o:nen 
Tota l 
f.~ en 1 2 13 3 1 5 4 3 0 3 2 2 2 6 
'-.'!omen 6 4 3 5 3 2 23 2 3 0 1 8 10 
*Refers to Int elli g·ence class-Upper(U) Middle (1\ ) Lower(L 
90 
10-
tal 
2 
6 
3 
2 
1 2 
18 
3 
1 
1 
1 
4 
1 
15 
24 
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TABLE XXVII 
LISTIFG AI'ID AJ.\LC~..LYSIS OF EFP..Ortv I F,. P:::-OBL E-\C TIGN 
Resp onses 
132 
50 
45 
29 . 20 
33 . 50 
13.20 
63 . 95 
Non e 
54 
6 .6 0 
180 
19 . 80 
3S6 
132 
25 
118 . 80 
59 . 40 
37 . 95 
20 . 25 
66 
2.74 
I'! one 
No . of 
times 
7 
1 
1 
1 
1 
l 
1 
2 
15-
1 
1 
1 
2 
2 
7 
1 
1 
1 
1 
1 
1 
1 
2 
24 
Men 
Explanation of error 
Divided by 3 instead of 9 to .§"et. s q . yd . 
Method c orrect--error in rnultip~ication . 
~V~e thod c crrect--error i n addit1on . 
Combination of several e r rors . 
II It II II 
_~.dded length and vddth , x by 2-divide by 9 . 
Did not change sq . ft . --multip licat i on . 
Could n ot solve . 
'.".i omen 
Fethod c or rect--error· in ml:l tiplic&t ion . 
Added length a nd wi dth i nsteao of X • 
Did not complete . 
Added lengt h and width--divided by three . 
Faileo to chan&e to square yards . 
Divided by 3 to e:et s uc:.re yards . 
Glessine . 
Added lent;c.h and width--multiplied b- t 'rro . 
Erred in multip l y i ng 15 by 12 . 
r~ :ult ip1ied 2 .05 by .15 after mu1tipl_-ing . 
Divided by 36 i r:tste ·:d of 9 . 
:uret .J.od c orrect--erred in cornputation. 
Conf"l1sed manipulatic.n . 
Di d not complete . 
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costs to make one operation. "Much Math" men showed consid-
erably more skill in the use of short cuts than women since 
48 percent of the former took them. 
In the final t able, Number XXVII, page 91, 53 percent 
of the men and 50 percent of the women in the failure groups 
erred because of inability to change square feet to square 
yards. Their most common err or was in dividing by three 
instead of nine. 
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CHAPTER V 
I 
I 
Il-
l 
CHAPI'ER V 
SUMMARY AND CONCLUSIONS 
Introduction 
The purpose of this study was to analyze by means of 
the oral interview technique the various thought processes 
and procedures employed by students of a teachers college 
in their solutions of common arithmetic problems. 
The test used in this investigation contained ten 
arithmetic problems and was administered individually to 
fifty-three men and forty-seven women freshmen prior to their 
having enrolled in any mathematics courses at this institution. 
Pupils were directed to read each problem orally and 
to solve in the quickest possible manner, mentally whenever 
possible,and to talk while working in order that their writ-
ten and oral responses might be recorded. 
Since there appeared to be a wide range of intellig-
ence test scores, vast differences in the amount of mathemat-
ics training in high school, and varying degrees of expressed 
likes and dislikes of arithmetic, it seemed logical to sup-
pose that any or all of these factors might influence the 
thiru{ing and manner of general approach as well as attitudes 
t oward solution of problems. Thus, the general plan of the 
inve &tigation was to compare the processes employed by those. 
--=-====F--r. --------- -
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who succeeded with those who failed to secure correct sol-
utions, when students were classified on the basis of scores 
of an intelligence test and amounts of mc=tthematics previously 
studied i n high school. In addition, frequencies of all in-
correct responses were li sted and t hose of men compared with 
t h ose of women to see if any generalizations might be made. 
Summary of Findings 
Since the total number of cases is only one hundred 
and these have been classified under six different headings 
for both men and women, it should be obvious that there are 
not suff icient cases under any of these headings to make many 
valid generalizations to a test situation which contains such 
a wide var iety of problems. Emphasis must then be placed on 
the analysis of techniques employed i n the differ ent types 
of problem situations, since the attack on a simple interest 
problem is fundamentally differ ent from t hat of finding the 
area of a triangle or estimating the number of bushels when 
given the total weight of the load. 
Differences in preference, intelligence and tra ining of group. 
In considering the suppositions on pages 48 and 49 
first it may be noted that: 
1. Generally the men of the group appea red to be more 
fond of ar i-c,hme.tic than the women. Approximately 
fifty-one percent of the men expressed a liking 
for the subject compared with t hi rty-six percent 
of the women. The greatest expression of indiffer-
ence or dislike is shown by those in the middl e 
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and lower intelligence group who have had a min-
imum amount of mathematics, this group comprising 
about eighteen percent of the men and almost 
twenty-four percent of the women. 
2. The pursuance of mathematics in high school appears 
closely related to intelligence test scores. Thus 
eighty-seven percent of the men at high I.Q. level 
in this study have pursued more than two years 
of mathematics, while only thirty-one percent of 
those at the lowest classification have done so. 
Similarly with women, fifty-seven percent of those 
at the highest I.Q. level have studied more than 
two years compared with only twenty percent of 
those in the low group. Differences in the degree 
of success and techniques employed are discussed 
more fully in connection with the different types 
of problems in the pages which follow. 
3. The men of this group have studied more mathematics 
than the women, since approximately sixty-two 
percent of the men have studied mathem~ tics mor e 
than two years in high school and only thirty-eight 
percent of the women have done an equivalent amount. 
Results of successes and difficulty of the problems. 
These observations seem worthy of note in reporting 
on successes and degrees of dif'ficul ty encountered with the 
various problems. 
1. Scores of the men were consistently higher through-
out. For example, eleven percent of the men solved 
all problems correctly but not a single woman was 
able to match this. 
2. Eight or more correct answers were secured by 
thirty-nine percent of the men while only nineteen 
percent of the women could equal this. Twenty-
five percent of the men had fewer than six problems 
correct whereas fifty-three per cent of the women 
had f ewer than six correct soluti ons. 
3.With a possible score of ten problems cor rect, the 
mean score of men was higher being 6.75 as against 
a score of 5.17 for women. 
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4. Men and women alike experienced the greatest amount 
of difficulty with problems of volume,area of a 
triangle,and finding the tax r ate,in the order in 
which they are here named. 
5. Women experienced slightly less difficulty with 
simple interest than men and found the problem of 
proportion and scale reading to be of equal 
difficulty with that of simple interest. Men were 
considerably more successful in solving the "type-
thr ee" percentage problem. 
6. In the "Much Math" group, at upper and middle in-
telligence levels, the percentages of successes 
on each problem for men equalled or exceeded those 
of women. In the "Little Math" group, the percent-
ages of men equalled or exceeded those of women at 
every intelligence level. 
Consideration of vari ous techniques and common errors. 
Several interesting observations may be made from a 
considera tion of the vari ous techniques and errors. 
1. There is no evidence that these students employ 
formal analysis or any of the other procedures 
which involve the following of definite steps. 
Only one or two individuals listed given numbers 
as an aid, but generally their responses were 
not correct. 
2. Problems One, Eight, and Ten show diagramming is 
employed most frequently by successful men in 
the "Much Math" group and by non-successf ul women 
in the "Little Math" group. This has probably 
become a habitual response to t he former from their 
geometry exper ience and was probably unnecessary to 
the solution of easy problems, but to the latter,it 
appeared to be more of a dallying action and did 
not necessarily contri bute to correct solutions. 
3. Many errors appeared due to mechanical manipulation 
of problem terms instead of careful reading of the 
terms expressed and their implicati ons and conditio 
of the problems. This was especially so i n Problem 
One, where th:i. rty-nine percent of the non-succe ssf'ul 
men and thi rty-two percent of the non-successful 
women mi ssed the second step by divi ding by seven 
and one-half instead of multiplying to find the 
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number of cubic feet in the trough. Possibly 
students have become blindly a ccustomed to work-
ing "type" problems and take cues from a pattern 
feature of the situation without any regard for 
the problem itself. 
4. The use of formulae is most evident in problems of 
area and is employed most frequently by "Much Math" 
men. In Problem Eight which is concerned with the 
area of a triangle, it appeared to be indispensable, 
to men and women alike in both "Much Math" and 
"Little Math 11 groups. However, twenty-five percent 
of the men in the non-successf ul group either 
recognized a need for a formula which was not at 
their disposal or used a wrong one. Forty percent 
of' the women in the non-successful group also used 
an incorrect one. 
5. On the other hand, comparatively few mentioned or 
made use of a formula for finding simple interest 
in Problem Six. Twenty percent of men and women in 
success groups did so but at least one-third of the 
women in the failure group used incorrect formulae. 
6. By far,the most frequently mentioned aid is the 
word cue. Pupils mention ed that the words 11 cu. f't.", 
"area", "how many bushels", "interest", "how many", 
"find the r ate'' all aided them in determi ning wbat 
processes to employ. Considering all problems this 
aid was mentioned with considerable more frequency 
by men than women in the success group,but the revers 
appears to be the case in the failure group. An 
unusually l arge number of' instances would show tha t 
these word clues were of'ten inadequate and did not 
lead to correct responses. 
7. Many individuals experienced difficulty in reporting 
to the interviewer exactly what led them to solve 
the problems as they did. Since in many instances it 
was probably a combina tion of several aids, each one 
reinforcing the other, when forced to tell wh~{ they 
followed a certain procedure, their response was to 
select certain words and this may account for the 
high frequency of word cues previously mentioned. 
8. Many college students, at all intelli~nce levels, 
tend to use pencil and paper for simple computation 
which mi ght easily be done mentally. Partial mental 
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computation is revealed in most of the problems and 
is most frequent with "Much Math" men~ It appear-
ed easy in Problem One to multiply eight times four 
mentally but many were reluctant to multiply thirty-
two by a mixed number. In Problem Two it was easy 
to multiply seventy-five times two but many prefer-
red to set down the figures 150 times seven. Secur-
ing the interest for a year in Problem Six was 
comparati vely easy for some but when finding the 
inter est f'or ninety days they appeared more at ea se 
when writing out their computations. In Problem 
Seven it was not especia lly diffi cult to say," If 
one quarte r equals twenty,then one equals eighty 
and two equals one hundred sixty'' but difficul ty 
was encountered in mentally computing five-eighths 
of eighty and aading to one hundred sixty. 
9.Difficulty appears in attempting to differentiate 
between short cuts and mental computations. Exam-
ples of "short-cuts" are crossing off zeros to 
simplify division, six-percent-sixty day me thod of 
interest, changing feet to yards before computing, 
and combining labor and material costs to eliminate 
one operation. Use of short cuts is generally 
limited to those in "Much Math" classifications and 
is more common among men. 
10. Habits of checking work are generally poorly es-
tablished and when evident are often limited to 
the success group of "Much Math " men and women. 
Had there been more attent i on to rech eck i ng of 
work, it is probable that the high percentage of 
errors in Problems One, Two, Fi ve, Six and Seven 
would have been considerably reduced si nce so many 
of them wer e not er rors of meth od. but of' computat-
i on. 
11. There appears to be l i ttle approximation to check 
the accuracy of answers and many have no not i on 
whether these are unreasonably large or small. 
Tables XIII, XIX, XXIII, and XXVII reveal several 
instances of unreasonable answers. For example, 
in Problem Ten, seven men and a similar number of 
women computed tha t $132. was the cost of laying 
a linoleum in a kitchen. 
12. Lack of number knowledge such as not knowing the 
number of feet in a square yard and how to get 
cubic feet presented problems to several in Problem 
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One and Ten, while lack of knowledge of special 
number vocabulary such as the terms "assessed 
valuation11 and 11total budget" in Problem Three 
and the word "perimeter11 in Problem Eight were 
also obstacles to others. 
13. R~y tend to direct their attentions to the number 
in a problem and disrega rd the reading matter. In 
Problem Eight, an unusually l arge number of men 
and women were confused because the perimeter was 
given, and many of them used this number in t r ying 
to find the area of a triangle. To many, finding 
the area of any figure whether rectangle, t r iangle, 
square, or any other figure means multiply i ng 
length by wi dth. 
14. Only a few referred to "types" or "cases " of 
percentag€ as they are commonly called. 
15. Given numbers wi th which to work, pupils will solve. 
impossible problems. If each side of a triang~e 
is twenty inches long, the altitude must be greate 
than nine, yet only four individuals pointed out 
that fact. By a closer inspection of this same 
problem, many should have noticed that the dimen-
sions seemed ridiculously small for a flower gar de 
yet not one single individual mentioned this. 
16. Estimation occurs most frequently where women are 
able to sense a reasonable answer but cannot man-
ipulate numbers to secure it. Problem Five illust-
rates this point. 
17. Working problems mentally does not necessarily 
stimulate the use of judgment in verifying answers 
through e stimating. 
Conclusions. 
1. Many college students tend to respond to cue words 
and verbal signs rather than to the essential 
facts of problems. 
2. Many students, especially those who are successful 
have difficulty in decidi ng exac t ly what condition 
or aspect of the problem determined the process 
to employ. 
L ==~1 -== 
100 
·I 
3. Many attack problems in random fashion and do 
not attempt to evaluate by approximation or 
estimation. 
4. Some appeared to be trying to solve by remnants 
of rules and formulae which had been only partially 
reca lled and understood. 
5. Many college students set dmvn figures and compute 
without doing any real critical thinking. Often 
when a problem seems familiar they automatically 
identify jt as requiring certain operations and 
thereby eliminate reflective thinking which is 
so essential to problem solving. Their attention 
is more likely to be directed to the numbers given 
rather than to the conditions of the problem. 
6. Many ridiculous answers result from those who 
answer by habit wi thout considering whether their 
work is reasonable or not. 
7. Many computational errors might be eliminated if 
more individuals had the estimation and rechecking 
habits, since so many errors result from faulty 
computation rather than from use of incorrect method 
8 . V~en in doubt, multiplication is a favorite process 
and many errors are made, especially when mixed 
numbers and fractions are involved. 
9. Although working problems mentally may encourage 
conversation about the problem, it does not neces-
sarily stimulate the use of judgment in verifying 
answers through estimation. 
10. The personal in~ervi ew points out procedures,mental 
processes and attitudes which could not be otherwise 
revealed and much is also learned which could not 
possibly be recorded or summarized. 
11. Instructors in the mathematics department have a 
tremendous task in trying to change attitudes toward 
arithmetic of teachers-to-be in order that they 
may become more efficient teachers. Extra emphasis 
must be placed on the importance of estimating 
reasonable answers. 
lOl 
l Limitations of the studl• 
1. The oral te sting technique cannot possibly get at 
every thought process involved in problem solvi ng. 
2. I.Q. scores were derived from the scores of only 
one group test. 
3. The number of pupils involved will not permi t too 
broad an a pplication of any generalizations which 
may have been drawn. 
4. Pupils involved mi ght have responded mor e f r eely 
and naturally to one with whom they were better 
acquainted. 
5. It is possible that the procedures employed while 
talking to another might not be the same wh i ch 
might be used i:f individuals were working by 
t hemselves in a more natural situation. 
6. Several individuals especially t h ose Who recognized 
their inadequacy to cope with arithmetic appea red 
uneasy and disturbed because of their difficulty 
and this mus t have af'fected their per formance. 
Suggestions for f~ther research. 
1. Delimit the problem to a more i ntensive stuqy of 
a single aspect of arithmeti cal thinking. 
2. Use simi l ar procedures in investigat i ng a larger 
population mor e wi dely distributed in area . 
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APPE~J:IDI.( 
PROBLEMS USED IN ORAL TEST 
l. A farmer's water trough is 8 feet long , 4 feet wide, 
and 2~ feet deep. If you allow 7~ gallons for each 
cubic foot, how many gallons of water will it hold? 
2. The Boys' Club swimming pool is 75 feet long and 30 
feet wide. How far does Jack swim if he swims twice 
the length of the pool every day for a week? 
3. Find the tax rate for each $1,000 when the assessed 
valuation of the town is $3,500,000 and the total 
budget is $140,000. 
4. A truck is carrying 3404 lbs. of shelled corn. If 
there are 74 lbs. in a bushel of shelled corn, how 
many bushels of corn is the truck carry ing? Select One. 
l. 46 3. 19 5. 37 
2. 258,556 4. 53 6. 3568 
5. If a strip of cloth 36 inches long will shrink to 
33 inches when washed, how long will a 60 inch strip 
be after shrinking? 
6. How much interest will I have to pay on a loan of 
$700. for 90 day s at 6% ? 
7. When the scale of a map is "i in. equals 20 miles" 
how many miles apart are two to~~s that are repre-
sented on a map as 2 5/8ths inches away? 
8. Find the area of a triangular flower bed if each 
side is 20" long, the perimeter is 60", and the 
altitude is 9 11 • 
9. If I missed three problems on a test but did 85% 
of them correctly, how many problems were there 
on that test? 
10. Our kitchen is 15 feet long by 12 feet wide. Linoleum 
costs $2.05 a square ya rd. If the labor cost is $ .15 
a square foot, what will it cost to cover the kitchen 
floor? 
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